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PROTEST UNDER 37 CFR S1.291fa) 

This is a protest, on behalf of the DuPont Company ("Protestor"), pursuant to 37 



C.F.R. § 1 .291(a), against the patentability of all claims of the above-identified application. The 
above-identified application is a reissue application ("Reissue Application") of United States 
Patent No. 5,413,774 granted on May 9, 1995 ("the '774 patent"). As this protest is being filed 
prior to the mailing of a notice of allowance, Protestor respectfully requests that this protest be 
entered in the above- identified application in accordance with 37 C.F.R. §1.29 1(a)(1). This 



protest , including all accompanying exhibits, has be en served on Applicants' attorne y in 
accordance with 37 C.RR. § 129 1(a)(2). 



application. Protestor is cognizant of the admonition in 37 C.F.R. § 1.291(c) that no further 
submission on behalf of a protestor will be considered except for additional prior art, or unless 
such submission raises new issues which could not have been earlier presented. Protestor 
submits, however, that this provision does not preclude the filing of the instant Protest in view of 
the filing by Applicants of a Request for Continued Prosecution Application (CPA), on 




This is the second protest submitted by Protestor against the above-identified 



« % 

December 7, 2000. As set forth in 37 C.F.R. § 1.53(d)(2)(v), the filing of a CPA constitutes an 
express abandonment of the previous application. Protestor submits, therefore, that since 
Applicants have expressly abandoned the previous application, the instant Protest should be 
treated as a "new" protest in a "new" application. Attention is directed in this regard to MPEP § 
1901, where it is stated that "[a]ny protest filed in a continuing application is treated as a new 
protest." 

I. GROUNDS FOR PROTEST 

Protestor respectfully submits that currently pending Claims 1 to 3, 7, 13 to 22, 26 
and 30 to 48 of the above identified application are unpatentable under 35 U.S.C. § 103 over 
Quay, U.S. Patent No. 5,393,524 ("Quay"), in view of Schneider et al., WO 91/15244 
("Schneider"), and/or Bichon, et al., EP 0 458 745 Al ("Bichon"). 

These grounds for protest are discussed in greater detail hereinafter. Protester 
requests that the Examiner consider these grounds and find that the claims of the above identified 
application are unpatentable. 

II. INFORMATION ON WHICH THE PROTEST IS BASED 

Protestor hereby submits the following Exhibits upon which this protest is based. 
Included are prior art documents that render Applicants' reissue claims in the above identified 
application unpatentable. 

A. Prior Art Documents 

Exhibit 1 U.S. Patent No. 5,393,524 to Quay, issued February 28, 1995, based on U.S. 

Application Serial No. 71,377, filed June 4, 1993, continuation of Serial No. 
761,31 1, filed September 17, 1991, abandoned. 



Exhibit 2 WO 91/15244 to Schneider et al., filed April 2, 1991, published October 17, 1991 

Exhibit 3 EP 0 458 745 Al to Bichon et al., filed May 14, 1991, published November 27, 
1991. 

IIL PROCEDURAL HISTORY 

Applicants Schneider et al., seek reissue of United States Patent No. 5,413,774 
("the 774 patent") granted on May 9, 1995. The 774 patent issued from United States Patent 
Application Serial No. 07/991,237 ("the '237 application"), filed December 16, 1992. The 737 
application, when originally filed, claimed priority under 35 U.S.C. §1 19 to European Patent 
Application EP 92810046.0 ("EP '046"), filed January 24, 1992 1 . 

As discussed in depth in the Protest dated April 13, 2000, at the time of filing the 
reissue application, Applicants added new claims of priority to two previously unrelated lines of 
cases, identified in that Protest as the Microbubble and Microballoon Application Families, in an 
attempt to improperly gain benefit of the filing dates of the earliest of those applications. This 
was no doubt due, at least in part, to the fact that absent the benefit of those earliest filing dates, 
publications of applications in those families, WO 91/15244 ("Schneider") and EP 0 458 745 Al 
("Bichon"), respectively, are prior art to the '774 patent and the instant application. 

In Office Actions dated September 29, 1999 and August 29, 2000, and reiterated 
again in the latest Office Action dated March 28, 2001, the Patent Office correctly denied this 
claim to priority, inter alia, because the earlier applications do not provide written description 
support for the subject matter claimed, in the manner required by 35 U.S.C. §§ 1 19 and 120. 
Indeed, missing from the disclosure of these prior applications is an identification of the 
particular gases presently being claimed by Applicants. Accordingly, the effective filing date of 



1 Protestor notes that the filing date of EP 6 046 was incorrectly noted on the 774 
patent as being January 23, 1992. 
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the instant application can be no earlier than January 24, 1992, and as such, the Schneider and 
Bichon publications remain available as prior art to this application. 

IV. CLAIM ANALYSIS 

Claims 1 to 3, 7, 13 to 22, 26, and 30 to 48 are currently pending in this 
application. Claims 1, 2, 13, 15 to 20 and 32 to 34 are independent claims. In general, the 
claims are directed to methods for making contrast agents for ultrasonic echography. The 
contrast agents consist of gas-filled microvesicles that are either gas-filled microbubbles or gas- 
filled microballoons. The term "microbubbles" is defined as hollow spheres or globules, filled 
with air or a gas in suspension in a liquid, having only "an immaterial or evanescent envelope." 
See the 6 774 patent, column 1, lines 27 to 33 and column 2, lines 20 to 22. The term 
"microballoons" is defined as air or gas-filled bodies with a material boundary or envelope. See 
'774 patent, column 1, lines 33 to 36. The currently pending claims further define these entities, - 
and distinguish them from one another, by specifying that the claimed microbubbles are 
"bounded by a stabilizing layer of one or more film forming phospholipids in lamellar or laminar 
form at the gas/liquid interface" (see Claims 1 to 3, 7, 13 to 15, 18, 21, 26, 32, 35, and 37 to 42), 
while the microballoons have an organic polymer envelope "formed from one or more polymers 
selected from the group consisting of polylactic or polyglycolic acid and their copolymers, 
denatured albumin, reticulated hemoglobin, and esters of polyglutamic and polyaspartic acids" 
(see Claims 16, 17, 19, 20, 22, 30, 33, 34, 36, and 43 to 48). 

The microvesicles are defined in all claims as containing a "physiologically 
acceptable gas selected from the group consisting of SF 6 , CF 4 , CBrF 3 , C 4 F 8 , CC1F 3 , C 2 F 6 , 
C 2 C1F 5 , CBrClF 2 , C 2 C1 2 F 4 and C 4 F 10 M . Claims 15, 17, 18, 20, 21, 22, 26, 30 to 32, 34 to 36, and 
43 further define that the aforementioned physiologically acceptable gas is present as part of a 
gas mixture. The claimed methods entail either forming the microvesicles under an atmosphere 
containing one of the aforementioned gases or gas mixtures (Claims 1, 7, 13, 14, 15, 16, 17, 26 
and 30 to 48), or preforming the microvesicles or precursors thereof under an atmosphere of a 
first gas and substantially substituting at least a fraction of the first gas with one of the 
physiologically acceptable second gases (Claims 2 and 18 to 22). 
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All claims also require that the microvesicles (i.e., either the microbubbles or 
microballoons) be suspended in an aqueous liquid carrier phase and be resistant against collapse 
from pressure increases that are effective when a suspension of the gas-filled microvesicles is 
injected into the bloodstream of a patient. Applicants teach that the resistance against collapse is 
achieved through the selection of the gas {see, e.g., abstract and column 3, line 65 to column 4, 
line 4). Therefore, the resistance against collapse is an inherent property of the particular gases 
selected by Applicants. Similarly, in certain of the claims it is stated that the physiologically 
acceptable gas is such that, under standard conditions, the pressure difference between pressures 
at which the bubble counts are about 75% and 25% of the original bubble count is at least 25 
Torr (independent Claims 13, 32, 33, and 34). Once again, this property is conferred by the 
selected gas itself, and is thus an inherent property of the gas selected. 

The dependent claims further define such aspects as methods for forming the 
microballoons (Claims 30 and 31); compositions for the aqueous liquid carrier containing 
microbubbles (Claims 7 and 26); preferred gases used to form the microbubbles and 
microballoons (Claims 37 to 48); and preferred properties of the gases used to form the 
microbubbles and microballoons (Claims 3, 14, 21, 22). 

VII. APPLICANTS' CLAIMS ARE UNPATENTABLE 

Pending Claims 1 to 3, 7, 13 to 22, 26 and 30 to 48 of the reissue application are 
unpatentable under 35 U.S.C. § 103 over Quay, in view of Schneider and/or Bichon. 

A. Summary of the Law 

A patent claim is invalid pursuant to 35 U.S.C. § 103 if the subject matter that it 
defines would have been obvious, to one of ordinary skill in the art, at the time of filing of the 
application. 2 In determining whether a claim is invalid under Section 103, the claimed invention 



2 This section of Title 35 U.S.C. provides, in pertinent part: 
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must be considered as a whole. Kimberly-Clark Corp. v. Johnson & Johnson, 745 F.2d 1437, 
1448, 223 USPQ 603, 609 (Fed. Cir. 1984). In analyzing prior art references as a whole, the 
issue to be resolved is whether they "would have suggested [the] invention to one of ordinary 
skill [in the art] at the time the invention was made." In re Merck & Co., Inc., 800 F.2d 1091, 
1097, 231 USPQ 375, 379 (Fed. Cir. 1986). 

When references are combined to support an obviousness argument, there must be 
a suggestion or teaching to make the combination. However, the "suggestion to modify the art 
. . . need not be expressly stated in one or all of the references used to show obviousness." 
Cable Elec. Prods., Inc. v. Genmark, Inc., 770 F.2d 1015, 1025, 226 USPQ 881, 886 (Fed. Cir. 
1985). "Rather, the test is what the combined teachings of the references would have suggested 
to those of ordinary skill in the art." Id. (citing In re Keller, 642 F.2d 413, 425, 208 USPQ 871, 
881 (C.C.P.A. 1981)). It is proper, therefore, to rely on "knowledge clearly present in the prior 
art" to support the obviousness argument with the suggestion to make the combination inherent 
from this common knowledge. See id; In re Sernaker, 702 F.2d 989, 995, 217 USPQ 1, 6 (Fed. 
Cir. 1983). Generally, when the elements appear in the prior art in the same configurations 
serving the same functions to achieve the same results as suggested by the prior art, the claims 
will be held to be obvious. In re Gorman, 933 F.2d 982, 987, 18 USPQ 2d 1885, 1888 (Fed. Cir. 
1991); Ryco, Inc. v. Ag-Bag Corp., 857 F.2d 1418, 1425, 8 USPQ 2d 1323, 328-9 (Fed. Cir. 
1988). Moreover, where the only difference between the claimed invention and the prior art is 
some range or other variable within the claims, "the applicant must show that the particular range 
is critical, generally by showing that the claimed range achieves unexpected results relative to 
the prior art range." Otherwise, the claims will be deemed obvious. In re Woodruff, 919 F. 2d 
1575, 1578, 16 USPQ 2d 1934, 1936 (Fed. Cir. 1990). 



§ 103 Conditions for patentability; non-obvious subject matter 

A patent may not be obtained though the invention is not identically disclosed or 
described as set forth in section 102 of this title, if the differences between the 
subject matter sought to be patented and the prior art are such that the subject 
matter as a whole would have been obvious at the time the invention was made to 
a person having ordinary skill in the art to which the subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was 
made. 
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B. Summary of Quay 

Quay relates to agents that are disclosed as enhancing the contrast in an 
ultrasound image. See Quay, col. 1, lines 9 to 10. More specifically, Quay describes methods of 
selecting gases that are disclosed as being suitable for use in preparation of microbubble contrast 
enhancing media. See Quay, col. 10, lines 10 to 21 . This method identifies gases that are 
particularly long-lived in solution. See Quay, col. 12, line 67 to col. 13, line 1. Quay indicates 
that microbubbles of the gases selected therein will survive long enough to permit imaging of the 
left ventricle, myocardial perfusion, and dynamic organ imaging. See Quay, col. 15, lines 1 to 
18. 

Quay states that bubble stability, and hence life-span, is enhanced by selecting a 
gas having high density, low solubility, and a low coefficient of difflxsivity in the liquid phase. 
See Quay, col. 1 1, lines 17 to 22. Quay goes on to explain that diffusivity is dependent upon the - 
molar volume of the gas, which is in turn correlated with the molecular weight of the gas. See 
Quay, col. 11, lines 23 to 30. Thus, Quay teaches that gases having high density, high molecular 
weight, and low solubility, would be potentially useful for ultrasound image enhancement. 

Quay further states that fluorocarbon gases generally have high density, high 
molecular weights, and exhibit extremely low solubility in aqueous systems. See Quay, col. 13, 
lines 26 to 28. Quay provides an analysis of several such fluorocarbon gases, and specifically 
identifies certain such gases, including SF 6 , C 2 F 6 , C 4 F 8 , and C 4 F 10 , as possessing the requisite 
properties that make them suitable for use in microbubble contrast enhancing media. See e.g. , 
Quay, col. 14, table II. 

C. Summary of Schneider 

Schneider is directed to microbubble suspensions usable as ultrasound imaging 
contrast agents. See abstract. The microbubbles are air or gas globules, in suspension in a 
liquid, bounded only by an evanescent envelope of the surrounding liquid, which contains 
surfactants or tensides to control the surface properties thereof. See Schneider, page 1, If 3. 
Suitable surfactants include film forming phospholipids in lamellar or laminar form at the 
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gas/liquid interface. See Schneider, page 10, ^ 2, and page 22, Claim 1. Schneider also teaches 
forming microbubble precursors under an atmosphere of one gas, such as air, drying the 
precursors under reduced pressure, and restoring the pressure with a second gas, to create 
microbubble preparations containing said second gas. See Schneider, page 9, f 2. Schneider 
does not, however, disclose the physiologically acceptable gases claimed in the reissue 
application. 

D. Summary of Bichon 

Bichon is directed to ultrasound contrast agents comprising air or gas filled 
microballoons bounded by an interfacially deposited polymer membrane. See abstract. Suitable 
polymers include polylactic or polyglycolic acid arid their copolymers, proteins such as albumin, 
and derivatives of polyglutamic and polyaspartic acids. See Bichon, col. 9, lines 2 to 40. The 
microballoons are formed in the presence of air or a selected gas. See Bichon, col. 6, lines 35 to - 
40. As with Schneider, Bichon does not disclose the physiologically acceptable gases claimed in 
the reissue application. 

E. Applicants' Claims are Unpatentable. 

From the foregoing, it is abundantly clear that all of the limitations of the instant 
claims are present in the combined teachings in Quay, Schneider and Bichon. In this connection, 
Schneider and Bichon describe methods of making microbubble and microballoon ultrasound 
contrast agents that are of the general type claimed by Applicants. In fact, it is stated directly in 
the '774 patent that Bichon describes the preferred microballoons of the present application, and 
Schneider describes the preferred microbubbles. See '774 patent, col. 4, lines 33 to 36. The only 
element of the instant claims lacking from the disclosures of these applications is an 
identification of the particular gases that Applicants have selected. 

Quay, a reference in the same specific field as Schneider and Bichon, describes 
both the selection criteria and several of the particular gases instantly claimed. Applicants state 
that suitable gases are those in which the solubility of the gas, divided by the square root of the 
molecular weight of the gas, is less than or equal to .003 1 . See '774 patent, col. 4, line 5. In 

-8- 





other words, Applicants select gases that have low solubility and high molecular weight, which 
are exactly the same criteria taught by Quay. Moreover, Quay has specifically identified SF 6 , 
C 2 F 6 , C 4 F 8 , and C 4 F l0 , all of which are instantly claimed, as being gases that are suitable for use 
in stable, long-lived ultrasound contrast media. 



It is therefore evident that the combined teachings of Quay and Schneider describe 



methods for making microbubble contrast media as instantly claimed. Similarly, the 
combination of Quay with Bichon describes the methods of making microballoon contrast agents 
defined by Applicants' claims. The motivation to combine these references comes from the 
references themselves, as each is directed to the art of the ultrasound contrast agents, and 
methods for their preparation. None of the pending claims of the instant application are 
patentable over the combined teachings of these references. 



For the foregoing reasons, Protestor submits that all of the claims in the Reissue 



Application are unpatentable under 35 U.S.C. § 103 over Quay, in view of Schneider and/or 
Bichon. Accordingly, Protestor submits that none of the claims in the Reissue Application 
should be allowed. 



Date: May 30, 2001 

WOODCOCK WASHBURN KURTZ 
MACKIEWICZ & NORRIS LLP 
One Liberty Place - 46 th Floor 
Philadelphia, PA 19103 
(215) 568-3100 



CONCLUSION 




Respectfully submitted, 



S. Maurice Valla 
Registration No. 43 ,966 
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Atr-rw rvc bvm> A ^ „ 101101 10 develop tn agent that hat certain ideal ooali* 

^[s^?^S^S^ U ^ C ™ DfilMril * **Wity* the body and the abiigt 

AS ULTRASOUND CONTRAST MEDIA provide ngfrfcantly contrast in an uitra- 

. sound image 

vi^2^ ( ^ t ^?*? on of C °-P cnditt * *pplicatka Ser. 3 Small bubbles f a gas, termed "micrcbubbie*.- ire 
Na 07/76U1 1, filed on Sep. 09. 1991. now abandoned. readily detected in an ixuge p«du«7SngSnda^ 
DESCRIPTION "f^^d imaging techniques. When infused into the 

bloodstream or a p ^ p **** i i ^* r site in the bodv mien^wk. 
This invention relates to agents that enhance the Met enhance thocontrast between the regie* eon^imm. 
contnst m an ultrasound mage generated for use in 10 the microbubWe. and the surrounding *^ con " mm « 
medical diapoaa. The contrast-^nhancing media di»- A substantial amount of the research effort directed 
closed berets isre compiled of extremely tman gat at contxast-enhaacmg agents hat focused on the naeof 
bubbles wtoch »re preseot m a scJuoco that a mftued extremely tmaU gas babUa. Investigators hive Ion, 
into the body during or just before an uhrwound image known that free bubble. proviiThigUy effect 
a generated. Toamvenoona also oorected to a n«hod is contrast agent because a gas bubble has unSueph^ 
for enhancmg such ■mage, by selecting gases from characteristics that affecT altrasound «eriy a»T» 
winch a collation oT free gas microbubbles can be directed through the body. The advantages offered by 
PI Zn^ h,VCn0V< ^ ^ Properties. These free buckles «op^ to lio^ or s^agenTth^ 

micTobubWes, composed of the gsses wliose selection is exhibit contrast enhancement is described i detail 
enabled by the process of this invention, may be ex- 20 below in the contest of the discussion of ultrasound 
tremely small m size and yet survive in the bloodstream Ai.f^—i? t^K-i^ 

long enough to alio w ««tra«-enhanced imagmg of Despite the known advantages, however, the rapid 
parts of the csrdwvaacular system, peripheral vascular dissolution of free gas bubbles u solum such a Mood 
system, and vital organs previously believed to be inac- or many aqueous mtravenous solutions, sevcrelv K™*. 
cesx.bletofreegsaoncrobubble*. 23 their ui T^ultmo^co«r«^S S 

BACKGROUND T^Mmfat^taaw^mtbemctibemaO' 

bubble sad the length of urn* that a Dncrobubbie win 
When using ultrasound to obtain an image of the exist before dissolving into the solution, 
internal organs and structur e s of a human or animal b— ^ the sue ™ T"'" i n iif for ink inliulilitiB 
ultrasound waves— waves of sound energy at a fro X more closely, the gas bubbles must, of eounaVbsisnmV 
quencyabove that discernible by the human esr-are cientry mall that a suspension of the bubbles does not 



reflected as they pass through the body. Different types carry the risk of embolism to the orgmmm iTwrncb 

of body tissue reflect the altrasound waves differently they are infused. At the same time, extremely small free 

and the reflections, often aptry described as -echoes." gas bubbles composed of then* generic* is 

that sift* nrrsAtt^A k«i frit* --■ - +. „s. . '_' . ~ • " "■"F 



that are produced by the ultrasound waves reflecting 13 ultrasound contrast imaging dheoiU^^iW so 
off different mternal structures are detected and con- rapidly that their images 
verted electronically into a visual display. This display immediately pra^Stn thm m^ZT^ A<T 



may prove invaluable to a pfayik^ or c<ber <iiagi^ ticnai ceatack exists to 
cian m several ways, nictating evaluating the progres- diovsscular system. vi^Tt l " " ' 



uoo of cardiovascular disease or the existence or nature 40 the time required for niicrcbubbles composed of 
of a tumor. any *ir , pure mtro^ pure oxy^ or carte 



For some medical co nd^tonsa obtaining a useful to dissolve into solution. Microbubbles of these nn 
image of the organ or structure of interest is especially that are sufficiently small to be able to ness throunh the 
difficult because the details of the structure nuy ^ long* and reach the left heart k» than ti^ S^ctobs 
adequately discernible from the surromiding dssue in an 45 in diameter, have a life tpea cf less than apcraimatidy 
ultrasound image produced by the reflection of iiitra- 025 seconds. Meter, K Tickner, E. O* Poop, £ 
^ *c«trast^nhancmg agent. Addi- U "Why Do the Lungs dear Ulf»onic ContrasrT 
tsonally, traditional ultrasound images are notoriously Ulomtnd in Median* and Bhlonj, VoL 6, pJ61 267 
poormqulitya^ (19S0). Since it takes over 2 seconds for bloodiness 

oon and ocecrvstion of certain pbysioiOgncal ccooitions 50 through the lungs, microe^ibbles of these gases would 
may be win s iinnair y unproved by rnhanrhig the con* be fully dissolved during passage through the hmgs and 
a^mannltraswnidimagsbym would never reach the left bean. Ibid. Prmtarfly be* 

°y n .°5 ttructnre of interest, In other cases, cause of this tradeoff between 
detecoco of the movement of the contrast-enhancing many researchers conchided that free gas micrcoubbks 
tgent itaelf ■ particularly important. For example, a 55 wtxtMfmeMmAot»mei<abMa^MWBaifot^tr^ 
distinct blood flow nattm sound dimgnoaa of certain parts of the cardk>vascular 

particular cardiovascular abncsmalines may only be system. 

discernible by htfusing a contrasting agent into the However, the ultrasound contm^nhancmg media 
bloodstream and ececrvmg the dynamics of the blood s^ert^d h*~in ^^wi^ -^^^fa trrmrwtfd 
flow. 60 the gases whose selection is also provided by this mven- 

Medical researchers have made extensive ixrvestiga- tion, are suflfcientiy small that they peas through the 
tioo into the use of solids, gases and bqmds m an attempt puhmary capillary diameter of approximately t mi* 
to discover ultrasound contrsat-enhancmg agents stm> crons and thereby allow conoast<nhanced ultrasound 
able for particular disgiw sti c purposes. Coniposite tub- tin&m<&ito\AdbnvtomottomhBVLTbttMewn 
stances such as gelatin rncspsulated nacrobubbles, gas- 65 mkrobubbles survive in the bloodstream long enough 
incorporated liposomes* sonicated partially oe natur e d that they may be peripherally mtnvenously inrused, 
proteins and emulsions coiitaining highly fluorinated travel through the right heart through the lungs, and 
organic c omp o un ds have also been studied in an at- into the left cardiac chambers without dhvolving into 
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^^Additionally, certain of these media have ex- „•» 4 

tremdy tooiPCTiaeace » volution and wm £5e ^n^ e TJ^ W !f Ce, w! aU,e * 

condM^BlMttam of nuay other orgiMttd™ ^f 0 **^- *• <or entreat- 

tures. «™.«astrac- h« fawrf «, «bM«« «. 

. Z^^^'™ TC ^™y°ttei a b e mii a i. s ™ tf *^ l °°"^« : ««»d tint exhibit the maximum 

ubom thought to cat with the use of free »n^of hastocetter. 

bobbles by providing, in part, a method foTietoctin. J^5. Catm • Mum P ti °« •»»« the wsy a sab- 

T* 3 *^-^..^ °° P* rtcul «* Phy»Ml criter*»ch "flcca ultrasound energy, methwuticsJ formu- 

^mwrobubbleicofflpoiedrftlie^gi^doBotsSS 1 *f^ e ««■ developed that dacribe ^ backacmtte 

from the tanttlumunon. as the m^bbteS 10 ^°«~ Woridn « with the* fonnulaeTSK 

^K mV SEf!i TWfore - * h» been diaoovered ^ e ? m " e the ability of gaT^uTaad 

Hems coapramg a cxstnoosmon of microbabblea pro- "* degree 10 wbca • particular substance 



j .. . . . . ■ • i , » •■huh w uenmuaoics pro- ~ — ~ ■ pvocuiar " " Tti inf erases 

onced mint a gas or combination of gases selected by ■"■"■Mb beckscatter cao be compared with other 
^e^^^^^!^^^^ .3 ^^^,0° the phytic! cffKLtffkno^ 
^L^* L*"*^ ^ of time end be of «ffl- Z^J* ****** pbeooaeaoe, As a «mplee7 



c^emtfsiiettattla^^o^to^ ^«he^rf«bJ»^eTto^blc2^ 

•^enlunceduhresou* contrast^ «^ be greater thaa t«b«»n« B, "TotSrl^ 

^.•^^".^^yp^^yth^inac^ $«« «M. »ubst«aee A is larger tf£! XaiST 

btetofreegasoucrcbubblea. 20 ™* ^ *b^3enct«n£^ * 

— .„ i ne capability of a «">^tanre to caua> hickniM. ~/ 

Tomore roily appreaats the sobjeet matter of the aJtnsooiKl energy «h»d«eada on oti^^^ 

fj^^**-*** «o deecribe what b pres. 23 of thesabaanccpKAM^b^to^con^r^S 

^ytoown about the teclmotogy of ote«K>o^ imag- prbcalax importa»ce is th« iSiii hSsZmTte? 

in* and to n i w m tke. ,fc a— : a w . , vv " ««™mc ocrene tn Deck* 



i-TUrLr . ***uMm*& w oinasoaaa una*. puacaur unporttace a the dnm-iie inm-,, ™ 



°W by tav^an effect on ultrasound waves .X* » o^mS^L^T^^Z^ * 

£T tb S!! h ..iL b0dy * ad m ***** » ««e *i «»« blcta«t^r^wf ^thtf^L^" 
aommm from which a medical diagnosis is made. la aa Si- " B,0WB « »• "iMBenng 



o-tMWmtheirtreet)^ i, ^g^J^'^f' P«^calar iW. 

"beiaaces affect utaawaSTwava, mdSwwaJ 33 * rf ,aaerer - ^ 

•nd to varying degree*. Moreover ce«amrfS*K ^epe*" oo the wavelength of the oitrasooad eoeaty 

by^S^aaS^Sn^^f^ «odo« other phyaioal e*opertei «rf the «ost.3j. 

■assured tad oeaerved thaa oSerTThna, m adeemu f^**" A * ma * 

•a ideal eompothion for a coMraat-eahaocmnW H^^^t VJf^S!? m Me d>cine ft Biology, VoL }i, 

one would prefer the substance that hm mondra- 40 tL- 323 

■natic effect on the uhraaoond wave Mttpaaaesthrwi^ T« tcattermg rr i- a tniun of a small acacerer/o. 

the body. Abo, the effect on the uhraaooad wave ^ ^ d<*enxaned by a known eo^ianoo; 



sb.ooJd be easily awsaofeil. Imwa are three nam ooo* 
tract-enhanaag effecta which caa be seen in an ultra- - i , 

icuad image: backacatter, beam tttmnation. and speed 43 *-\4-w##f 1 \HlZJL\ i I "I 

of sound (Merennai Each of these effeoTwin bede- r JU « I *T\l^TJ-\ j 

scribed m tan. 

Who, in „,,.., , ™ J "^ 1 " at ^<rf^««ierer,i { ^«aabatfcocmpr^ 

^eaaaaltmoaadwmiiMtsjnsaBmathf^ the acatterer: K-adiabaac mmaiMin, «# 



hnrt?^ T M0Mdw * v * th * t " P— ■« «he 30 J**? 110 ^ «-«amhaae oc^preaabflity of the me- 

^gg^ ,,Wl ^^»««o^flrc<lMr dinm m which the scaflerer^«C7^d«a>™ ^ 
^l lm ** Z2 man « Pcttitm of the oltra- i nft e rui sad p-the density of thememWfa wh5 



g^^^ " gw . <tt ?g ,,w ' the body re- **am exists. P. M. Morse and K. U. Ingard. 
neaoJttajwualea^.eSftw way, and in varying J**~«kai Aamoia, p. 477, McOraw H21. NewYork 

■ detected and oaed ta ss (IMti 



,_ — w - — and oaed to 33 

gSSJJgy^*' """S?" *Mc> the la evaluating the mOhy of different 

Z5!?^- W y ^ , b^, P""* 1 ^ ««"» "btdMatttr" aaafe cootrastmg agents, ooe en oae Urn eouation to 
reieiB to toe poeoooM&st in wfaidi ^i^^nul coogy it lioffT^win-f which »f^»— win hsve the h!Xf 

pni^ propertam 60 vide the cretiett cootrict m ** nhrmM^Th^^ 



p^r^f^^ra^^rTa^S ^ ealaaccd by the quntity ta the above «paok» caa be *^aH ^ ^ 



S'Scfa^aner^^J ^J^!! jlteSS ^P^^oo-^P^^^and 

St^in^1frp^;• 0?^^^ « ^^p^sss 6 ^ 

roS^ta^T n«^oSelL^l^i. f™"** "««iam «>d that the oeastyofthepartiel. 

h^hisweUunder^^dae^o^y^I l^t^^^,^^^* 
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* ge0t ^fw?" 1 C * tmutod u lJy 0pm> ?MTktx ' , y ttem t*c*use f the high v lame f liquid coo- 

$U Sm«Siii«mH u ^ trait agent that w uid need to be present in t given 

i^LIZ^V^^' ad "^ C ***** * substantial difference in attenuation 

ibility and density of the scattererp, and the surround- could be measured. 

wL^^fr^S^L 10 * W^^y 3 Measurement of the attenuation contrast caused by 

rero. However. liquids may e^S?son^SSSr tf S^^L"^ accom P 1 **° " dith « 

large volumes of a liquid uoTi« o««t™^^lv ^ «U«ed that m vivo attenuation contrast mea- 
bemuse the termaX l0 R J"** * a «* 

above equation may become^u^uT^ F« ^^^^, APPllC ^ 0 'Utrasouic ^^rast 
example/if a liquid agent passes fromTverv tmXv«2 AgCn ? for BIood Fto^ometry and Assessment of Car- 

* Wimrn^ A/ad 9:46^71 (1990), 

stanttaily all of the vessel the liquid may exmUt measur- i^SS is a tusperaoo of 2-4 micron mraptnlsted 
able backacatter. NevertheleaTin 15 ^^^^^^^^ S ^ tohMV9 

equation and the following, it is appreciated by thoae iCcg P ^ «*hih ty in vrvo and are sufficiently small in 
skilled m the an that pure liquids ire relatively ineffi- contrast cnhanrfment can occur in the left 

cient scatterers compared to free gas microbubbftes. *mum or vetttncle. Also, attenuation contrast resulting 
It is known that changes in the acoustic properties of |^ •otfnmnide ethyl ester (IDE) particles aocumu- 
a substance are pronounced at the interface between 20 m "2" ta Under such cucum- 

two phases, Le. liquid/gas, because the reflection char- r"**** ™ 0000,11 enhancement is believed to result 
actehstics of an ultrasound wave change markedly at f f°»*^nation of the ultrasound wave resulting from 
this interface. Additionally, the scatter anas su imju of ™ presence of dense particles in a soft medium, The 
a gas is substantially different than a liquid or solid, in ^hsorpoon of energy by the particks occurs by a mech- 
part, because a gas bubble can be co m pres se d to a much 25 taism referred to as "relative motion.** The change in 
greater degree than a bquid or solid. The physical char- *tnmnation caused by relative motion can be shown to 
acteristica of gas bubbles in solution are known and "cres^lmearfy with panicle concentration and as the 
standard values for compressibility and density figures ** utrt density difference between the particle* 
for ordinary air can be used in the above equation. J!** 8 wrroandm * medium. K. J. Parker, et ai, ** A 
Usmg these standard values, the resuh for the second » mculate Contrast Agent with Potential for Ultra*' 
bracketed term alone in the above equation is approxi- aoaad Ima *ng of Liver," Uhmxmnd in Mtdidm *• 
matdy 10", Opto and Parker supra, at 325, with the Bk *** Vol 13, No, 9, p. 555, 561 (1917). Therefore, 
total scattering cross section varying as the radius a of where suNtsntial accumulation of solid particles oo* 
the babble varies. Moreover, free gaabubWes ma liquid curs, animati o n contrast may be a viable inechamani 
exhibit oscillatory motion such that, at certam frequen- 35 for ctbaerving image cootrast enhancement although thfe 
cies, gas bubbles will resonate at a frequency near that effect k of much «nuiw mipttiv u »k*w »h» k* ^^ n ^ 
of the ultrasound waves commonly used in medical p henome no n and would appear to be of tittle use £ 
imsging Ai a rrmh, thr tnttrring rrosi section uf a gat cardiovascular diagnoses. ! 

bubble can be over a thousand times larser its ~ ^. 

physical size. ■ man us ^ c SPEED OF SOUND DIFFERENTIAL * 

Therefore, it is recognized that gat micro-bubble* are An additional possible technique to enhance contrast 

superior scatterers of uhraaoond energy and would be in an ultrasound image has been proposed based on the 

an ideal contrast-enhancing agem if the ob^ met that the speed of sound varies depending on the 

rapid dissolution into solution could be overcome. media through wmch it travels. Therefore; if a large 

a BEAM ATTENUATION « SftSSSSSS SStSttSS 

Another effect which can be observed from the prea- mftaed into a target area, the difference m the speed of 
ence of certain solid ^Ttrar!-n? h *~^g agena, is the sound through the target area may be -^rnHr Pres- 
snrTi n ari on of the u lt r as o un d wave. Image contrast has entry, this technique is only experimental 
beenobaq^Jncoc*/eotk»al imaging due to localized 50 Therefore, considering the three techniques do* 
attenuation dlfwrrmcn hrrai uu certain tisane types. K. scribed above for contrast — h—n—Mflt D an unra- 
J- Pnrfcnr and E. C Wang, " M aa m i uunil of Uhrasonic sound image, the marked increase m beckscatter caused 
Attenuation Whmm Regions Selected from B-Scan Im- by free gas mkrobubbies is the most dramatic effect and 
iffCfSSLC™* Bk>fm£ BMB P- contrsat-etihaiwng agents that take advantage of this 

431-37 (1913k R- J. Parker, R. C Wang, and R. M. 35 phenomenon would be the moat desirmbktf theobctacle 
Lerner. "Attenuation of Ultranound Magnitude and of their Invsteti stahihty m sciutioa o 
Frequency fVpf laJeuie for Tissue Characterization> M 

^o^,^%p^4S (19S4X It has been hypoth- The Materials Presemry Used as 

of tisane tal»bcfon and ate «o In tight of what hi known about the various tech- 
yield an enhanoftd image. However, techniques based mques described above, attempo to develop a contrast- 
on a ftrnn s n on co ntr as t as a means to measure the con- — >hn«*ig a g^ whose p ^-nr« ^^ m ^ suhstantial 
ns Hihaimcme n t of a liquid agent are not weO- contrast in an uhraaoond linage, and whcee sumval m 
developed and, even if fully c^vclonc4 may suffer from vivo is sufBcientty long to allow contrast-enhanced 
limtt a ttom as to the internal organs or structures with 65 imaging of the cardiovascular system, has led to the 
which this techaiqoe can be used. For example, it is mvestigation of a broad variety of substances— gsses, 
unlikely that a loss of attenuation due to liquid contrast liquids, solids, and cooibmations f these— as potential 
could be observed in the image of the cardiovas- 
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A. SOLID PARTICLES provide .longer life span for the gas when infused into 

Typically, the solid substance. th« have been itudi^ faction f stable liposomes a an expensive 

« nunufictured in uniform sin. 5 

c^U^TS? *i_*_? ***** «n be infused tod C MICROBUBBLES 

circulate freely m the bloodstream or they nuv h» - __ . 

jected into . p^cuUr"^^ SodT ^^.^k^^P""^ «-<««* 

IDE parades are solid particles thaiam h« r»!Lw_i rT?^ »y a microbubble used as a COTtrast-enhaacma 

inUrge qu^mie. with a XE^SSZESZ .0 i?^ 

oon of approximately 0.5-2.0 microns. Siaitettto. te~riL. SS? M * «-l enough to avoid 

injection, of the. particle. m*?^JEZf%a £5^£££S?! or <*ciudmg vuculaXda. How- 



^ - Mhm*mmx~i f r n . I^Yi — ™— _u_n o micron* are removed 

mulation ocean, contrast «h*i^em^£yta eS£ .^-^ W ° 0 ?? r ? m whca blood thr^gh the 

tad by either utenuatioo contnwoTScfac^ Sect is SSl^d^^ mMat «««J>«htve * 

Althoogh suspen»on. c*«S?Se^S ™h .^f^!?*^ ^ -babbles small 



tnami. Although suspense*, comtrrising these ^eHd a^h JT^-T^ a ^ > ™ re ™crobubbles small 

P«ticl« dispersed in a liquid m^eSa^puuSe aSfi lm * wBI » 

o> ^uaboc effects^! Ho^L-^^ * ^ 

20 

_ uwuDuooiei as ecatraat-enhaaemt uxnts bv 

highly "concentrated mlS^^STSe concra? jj - "o»*eetioa. eSSZ 



w i—mran er of ■"-utiftn effects are rela- k H „Zu Zl ' »« ,cn nean usages 

tively ffl «nor compared to free g« bubWeTand^ S£ £ ?JE?S ^ %^ ? microbubble. MdtzetT 
Jtanual accumulation of the particles mustlccur before 20 a~?£L23: **** U °° Lmp 

Thus, use of tnese sasr^nsions has been limhed tocer ^E?L_ *J^\^ < 19a ^ 



to coagulate because unleathe amm**** f^TTZ ■ « mKaoc^bWei as cc«tr»at-enhaacmi uents 

ki-_i.. . . ~ "'wu ocromes virtue of their Iitm — • - ^ 



-^7^^™" *"»■*• use contract 2J ^J^tteoh^ foc»ed onle^S, man, 



tab eohanoe uhratoimd cootrast b not completely oa- In^-pp-^h , . . ' 



•dv-mayb-dax^oim-B-^^ J^J l ** , * 0 « m «l diagnosn a in progresa. The theory (be- 



^veamaybac^c^lh^^^^^ " lund'Z^,'' 1 ^ 1* ^ ^ 
— ^ — tnrii mrrhiiiiiui^^^ ^ had d>B use of vaooua fluids mvotvea an attempt to 

reduce the rate at which the gas dfaaotVes into the 1 



B. LIQUIDS AND EMULSIONS and, in so domg. provide a more stable chemical mvi. 

la > another attempt to achieve a satisfactory ami. 40 ZZST *" *° *" Maia * *. a - 

e«>«^ ate piepared by «HBbiBm^ , ' 

o« compatible with body tiLmTand a^ec^ mt ^S^^^ fe ?f^ ,wr ^ h4ve *« a 
Provides high altrasound ^- = SrtZ!TrSf t^t^!2 W?* 1 * ^ WJ4W « » 
P«a Patent App^icatka Q23I091 dSies^utaionTof ^^2^?*$?™*^™** *** " » 



oil m water ocataimng highly niionaated orarn^^ ^ nman protan. m which naxrooabbita are 
pomd> that tovelSsaSrf i^SSS '^l^S'^ ' P" 0 "* 8 » e,Btio,, w «onicatioo, 

Jj?S?_" P«rOoc«c^3d. n^deSeSSJl^'^-^ 
PFOB) hn» »im Z ^ a -» - 7 tt" awi °y omeaant the tornoe teBsun taunwi KatKKi— 



S^S^aScS'Sy^^^^^ TWore. the ^^.c^c^m^ be clarified « 

hnniKt^oteioSS c^^™ « «^»«h^ the st^cY microbubble. by 

beca^ofatende^Tac^Se^^ _? mcdiMB » WBfch «>• °^robubbta 
ceua. Althougi^U^i. « c^m^^^ „ ^^^^^^^T^ 0 ^ ^ 

stood. PPOB emaUona may providedb^c^cS. «^«ed^ pr«ary physical and chemical propertiei 

tmt becama of thrir hi^L^T^A *hich have senoaaly limited the use of free g» 

compressaOaycoiwanT^^^^^^^" """W* 1 " » <*»oond <ia«nc«ja, iMitkalarly wteb 

VS. Pat Na 4.90O540 deacrocs the n. of ^v- tqpait . t0 ^ c,rti ? VMCO - 3 ' «y»»«". None of theae 

rhftHnirt haanl linnsTMnT """" ^ Vt*»cbn suggest that selectioo the gaaea, by pre* 

m k r osc u a k . sphetferi rrVw^.T££T.r i aucr o~«>taatasia that woalda 

pooaph^^oto^ohipttw^^^ f co ^«ha a ced uh»o^ mxagmg. 

mner «™eou, cavh^in Srt^!^,!^ " . ^ ^ nacrobubWe. in solutioo 



m*««-la. The ^»ve refe^dWcSe^Ae^c^ *" ** *~*««»P«-t. 

or gas precmsor. mwrpo^mtolhTtool^ Dqpendmg 00 the depee to which a solution is an> 

""^^^""""OBtcoBio rated with the gas of which the microbabbies are 



5,393,524 

.9 10 

formed, the iiurvival time of the microbubblea cm be However, depending oa the particular n r liouid 
ZofiZJ^pZ^f?* ^T"^, ™ ubUs » *• ^ ** *>">l°*°» of • «•» bubble will be 

We and w^^^^n^B^r^^^^S* ^ by eaammm, certain phyacal p^meten of the 

tension increases, the rate at which the babble dissolves 



into the solution increases rapidly and, therefore, the BRIEF DESCRIPTION OF THE INVENTION 

size of the babble decreases more and more rapidly. 10 u . . ...... 

Thus, the rate at which the babble shrinks increases as " dlscovcred that tt s possible to identify 

the size of the babble decreases. The ultimate effect of <*™«caisystems where extremely small gas babbles 
this is that a population of small free gas inicrobabbka m *** reactive in an aqueous solution. Relying oa the 
co m posed of ordinary air dissolves so rapidly that the tnethod ^*dosed herein one skilled in the art may spe- 
contmt^mhanrmg effect is extremely short lived. 15 ciaDy select particular gases based on their physical and 
Using known mathematical formula, one can chmin\ pr oper ti e s for use in altrasound i***r~g 

that s oiicrobabble of sir that is 8 inicrons in diameter, 'These gases can be used to produce the contrast- 
which is small enough to pass through the lungs, will enhancmg media that is also the subject *"»**rr of this 
dissolve m between 190 and 550 millisecoiids depending invention. The inicrobubbles can be produced »«*«g 
on the degree of saturation of the surrounding solution. 20 certain existing techniques that ase ordinary air, and can 
Based on these c a lcul a tions , medical mvestigators be infused as in a conventional ultrasound ^«g~na 
srudying the way m which the lungs remove ultrasound The method that is the subject matter of this mven- 
coatrast agent have c al c ula t ed the dissolution times of Don requires that ^I cu latkm be -~*r *r-m with 
oxygen and mtrogen gas mscrobubbles in human and the equations provided herein, based oo the intrinsic 
c^ btocdsad have concluded that free gas aucrc- 23 physical properties of a gas and s liquid. PartioSarr* 
*S*X&^^ t-edenaitTc^ 

The physical properties of systems that feature tea de P cade f « volume of the gas and the-vis? 

bubbJcVg^ms^ » sii^r^"^^ 

investigated in detail including the diffunoo of sir bub- ctosed betow. Thus, by the method 
bles formed m the cavitatmt flow of a liouid and the properties of a given gas-liquid system can be 

^U^$ndwa^w^byg^bdbbk^ eveJwttd, thr rate and extern of bubWeccuap^ can be 



The stabilty of gas bobbish ******* «d gasea that would constitute effective 

been investigated both theoretically. Epstein P. S. and 35 contrest<nbancmg agents can be selected based po 



avesugated both theoretically. Epstein P. & and 35 «™«™ucmg «gema can oe selected based po 
tM.t On the Stability of Oas Bubbles in Liquid. ***** <*Vffll«tto« Using existing tec hni que s , substsjn- 
gas Solutions, J. Chem. Phys. 18:1505-1509 (1950) snd tiaOy improved ccotrast-erihazicmg media may then oe 
experimentally, Yang W. J„ Dyaanbcs of Oaa Bubbles produced and used to improve the quality and useful* 
in Whole Blood and Plasma, J. Bkxnech 4:119-125 »*» of ultrasound imaging. ' 

>%2MU£^3Si£fi.'5* DETAILED DESCRIPTION OP THE < 
Gm BubMea at Whole Blood and Piaama-I. Stationary INVENTION 
Bobble*, J. Konech 3075-211 (1971); Yang W. J, To understand the method of tha mventioo. it » 
EcbJfO IL, Wottoo D. IL, Hwan* J. R, Experinental metal to derive the ~.'»~-t«t~iI relational^ that 
Stadiea of the Draaotataoa of Gaa Bubbles ia Whole 4S describe the pemneten of a oaa-liquid tynem tad the 
rl^_^ -^f^^J^f^f Bubblea or Liqtrid*. J. effect oa babbie stability that ocean when a value for 
Bwnech 42S3-2U (1971% The phyiical and chemical w „„„ the* parameter, is attend. Itsasctaned 

ana muiiuJ> M; jMC behavior of the tynem. The cbam- X with a radio* of R. ia placed ia a solution in which 

Z?2d£2t *» * «»»» » *m petieJof time,the 

iiwi Jmai laTmmT^ ^SZ bobbkof piX win ciiaaohwiato theaoh^at which 

Ai*m%» p a* 1?!!^^^ ^^j^^ft ^^ L ^^^^h^ ^ that the dissolved gas couceuustiuu far a s ol u ti on satn- 
thesquectascteictvcsrboe^^ r*ed with the particular gas ts (ksigruted Tnus, at 

tioo of the carbon ^^Ot gas. firm trf carbon 4 rn tifa T * 09 ^oaeo u utioa of the gas m the solution is zero, 
gas is highly soluble m water, the gas diffuses rapidly OManing that none of the gashasyetdiasorvedsnd tllof 
mtt% thm vAntirm —>a M+im m^m Ai^^^i^m ifMfiy Uk the gas that is presem b stiQ coo 
The presence of the carbocic add m the soludoo alters of radius H* 

The at id tiasa ■ * n iiii / Tf tht strntmni it?hjtion *t As Ume ptogresses, due to the difference in the coo- 
the chesiical properti e s of the solution are changed by ce nt r ad on of the gas m the babble and the gns m solu* 
dhuc^utiooc/thegsa, thestabO^ don, the bubble wiU tend to shrmk u gaa m the babble 

gas bubbles changes as the i«hztioa ******** samrsted. 65 is dissolved into the liquid by the process of diflusion. 
In tins system* the rate of di sso lu tion of a gas bubble The change in bubble radius trom its orig^ radius of 
. depends m part on the cotxrptrarion of carbon dioxide P^tct arte the pssaag? of a parties 
gas mat is already dissolved m solution. a smaller radius R is expressed by Equation (IX 
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•"J^jMcompwed of gaa X in a given Squid. The value 
*_ r fiai\f f the Q coefficient d*ermmed by this method fort 

ofgrnXmangltraaoiBid ooatra««Ui«iiciai ««« « 
where Rathe bubble radha at time LDiit^en^m^ °°?P^ » <«fiMry «r. 

ent of difftsvity of the particular ga» m the limnUand thT^ft^!?P a ^ me, ^^ ,ta *«««w 



- compel ' ' ^wn^tnebubo,* -^^^^^ 

It follows that the time T required for a babble to 10 temperature and eota- 

d»olve comply may be deSmmed from Equation S-eSS^ based on the physical 

(1) by lettmf R/JU-O, tad tolviag for T: Properties of gu X and un 



This result qualitatively iadicata that bubble stabfl. JL x io-».i.-i.». -»J 

tty, and beoce life span, ts enhanced bv increasm* thm « ifni.u«»# ~ 
^1^.^ *^ *^ng • SToTSS or, if D a knows for ga» X 
denary p, lower jolabitey C, m thTliqutf phtseTaTa * 

lower coefficient of difraaiviry D. - _ r _-. 

Tbeditoar^DofagmmaHo^^ r, - rj -Si- 1 Si f^tl 

the molar volume of the fa* (Vm\ and the vacoajrv of L*-J( cs L^TJ 

the sotaion (t,) a* expressed by a known Equation; M 

fl-iu»xto-«.,-« KK 1 .-*«i - - - To formnhtte tha equation ao that the value Qmvh. 
-■■ .. . . toaenoaJJ obtained to HaM» ~# v -.^ . . 



Bytubamutinstheezprea^fbrDgrveamE^ <* •« X with », 

) into Eqnanon flX it it revealed that bubble "iWiry 
enhanced by oaing gases of larger molar volume Vm» 
which teod to haw a higher molecular weiam. and * Tm " "*■» 

liquidsof higner viacoefcy/ wogm, ano 

By ww, of qampb, a coaparbon of the stability of 



H^y«lec«byS^Sc3K L ** -I Jl^M f 

Taking the valoe of Dforatrmwsler at 2TC 35 I 
a»2xlO-'cnAec-i and the ratio (Epneai * ■mmingj for comparison, a eotation of water J 22 
*^ « feOowing data for *PJ" ««aity. oHraatviry, and aotactfty of air 

the ame t for complete eolutioo of air bubbles hi water m . »*ohaiooare known a^mtUeawnkhmay betnb. 
(umaturated wah air> totaled into the above aqnU™ y*-"«- r 

TABLE I 40 ' 



♦ m 45 S*"*""** Boeatfan (3) into the above for ease. 



s 



it 



whoae diffharvity Pi is not readflv known, 



s 2 mg that die vacoaity term » below for water at 22 

2 ™ «egreeB C ■ approximately equal to 1.0 eP, 

J J 



jet » * la* «Mt* k two second, or mora (JC L 
•no. W. F. edtar. Handbook of Phyanlogy, 



2> CBCULATIOK 



PJrtWogySo. 3J J^lowwmjtteaa^.aohaM^ 



l nniM nf ■[■aiiiiiimiiij f mirptw of the Q 

ultrmtHmdoontr-uenhancedunagiagoftta more^SSero-dS^^^ 



wiuoon long eoougfa to be natfal 

ulu^oontrau^^^^^^^ more atabte than nncrobuc^^ 
•TVmfthodofthnnru ^ ■ i l_ n__ aotaooo loagar than air bubbiaa. All other propertica 

,. rwennauy oaeroi gnta by comparmg the for rmiiiih in *-»««m of a ma-TTitmhhlti nimyi. 
propertiei of any particular gaa, denoted aaa th. m ^^^Z^^lZyLr^^ °! X ^ 

a» a uh wui aeaenbe the ttahuiry of anao- imrr obBbble of gmX wfllwrvivc 10000 tima M bag 
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m»tatacomp^to«nucTobubWeof«ir. AQvtla. >»■«♦ ->* T m thn m Jii. nt M . ■•„ 

can be detenmned for any gat in any solution aaunin. ^^j-Jm- !? ^l^T^ of ga» tn queraon. By 

the qutttitka identified herein m l^^ToT^f^f ^f 6 ™^ ^number and type of atom* present in 

«"» nerem an known or can be tbeaieJecaleandliewtaen^ivUn«l«omain 

Different methodi for deunniiti.. /«. ~~ ^_ , . ^°^- k ^^ , ^^BMrbeipplie4forthemolee- 

art lability may be^eededlepoS^ fr-q-ncy 

cal structure of then*. Vitae7teX«B™^ ««»irrenoe. ooe may calculate the total molar vo4- 

literature source, such a* the Gar Encrctoeotdkiartbl m it iTZZZ^Z. ^» 

tabularioea published bv the A^^7^~,%^ 10 J^^^c*rbon motacule m „ alkane car- 

«y. Value. fyTto^Ly *F^t**^2& SZ^^fZZZ^Z?'"* £ " 

available ftom source, each ai the Ham£*J5rZ~l P~T^"^*f"^«^in«n«lkenecarto»<ar- 

cases however, calculation* for the nomehcal values far c^^^J^TI^r ^ m m '. . , t 

mo^volume^aolubility may need W be«2c^S thro^f^T^Se^rt^^S^ 



value of the Q Sufficient for an incividu^-o? £ 20 S bS^S^b^«^^ i?"^ 
oetfad deacrfeed above Aaexaaple of tbearieabtioa ^^L^-rLT-^v^^ tf «ocm at 6.0 cubic 
of Qv^ for. preferred Sto^nn^S ^St^^^^^ST ^ ' 



v^ror aprerened^dectionrf HuoiTXMton molar demuy of 58 cutewntoeter^mST 

•nwa w Muvwiii pn mined, the Q vah» ts ^u-i-^nj tang Equation • 

EXAMPLE 23 aoov *' 

J^y.flu-0-rbo^^e^tow fl-o^o^S^ £ ^cTde^S 



TABLE n 




the Q value far several Ihiorocj A Mi , th* t^ hrtrfl- 45 
«y» molar volume and density of the indrvidaal ansae 
are determined and th« vah^ »r» mW i ^^ Pmtm- 

tioos (7) or (I) aboveL °"°» «■» Q naa bean determmed the otility of 

Pcie rmmaii unofOaaSom^ m mdMdnai P> « « altrasooad coaartst^hwrnif 

iStab* the mna nrrr aaa ry far varioos sized hobbies 



ity - / Osm 5a 271-^ (199^ 
bflr*c#thn»faowc^^ 

perftooroHi-pcntsaai which baa a water sofahflity of "* Q <««aihMrob«aane: 

44)xl0^moae> per tear. For a homotog un i series of - TABLE m 



.tbaanasoha^meybe 

- by i nrrr aai uai or redocmf this vafata by a «o 

factor of about 10 far each mcreeae or ladnecta m the 
- of addUosal -CP*- poops preasm m the 




i of latter Vctame 

'ohnne (Vm) is fitimated from the data of 69 

BondiA^ Zander Weals Votan^ . „ 

Gfcem 61, 441-451 (1964). The molar vomme of a £m ! 21 

can be ftrtmafwl by kietiarymf the omnber and type of 



23 

IT 

11 

41 
If 
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Notice that the time Male in Table in k nimM »•*. . 1^ 
~ l — TnilHmmdi u ^» iT_ ■ * volume, yiddi the proper percentaae of «. 

caa be injected pttS^a^Jffl^oSivfS "* each ^SeTTveS 

solution (tome thT ^ J!,^ p ^L^^ °" , «*M»«ture, the liquid ii «ray«j into !hV» «^ 

«ch the left v«Sdn3 «!Sa2eT2f hi ^ «W*M«Miely 23 tteeToVat nuaToS.^ 

pcrfonaed for a (at with any Q coefficient Baed oo ^^~^5^««wpen«»of nacrobubeta 

hancement Slightly larger babbies will h*7hU»>~l ,„ " y . "T that achieves the reiultm* wtoeniion of 
nanuc abdominal orgaa magm*. Moreover, at with BecwST^ ZZL* < £* er 



woe* therefore, offer «b«S £ ^S^^^^ V 14 408 < 19W > 

tracheae*, a*** in convent*** JSm^SZ re^^^LJ^ 011 ^ ****** * «« 

— • who menace to tDecxficd preferred embodi- 



mailt* rhairini* ~ piUGIieQ CSSDOdl* 

It win be appreciated by tbx^ tolled fa the an ^ ™»™««-^ 
tta low ^«biHtiei rf ^ aiaoe ^ 

wdl require that | — -f . m . "Se "* foflowa l ckim not be given . re- 

microbBbbka be achieved bv . m-hZtZJZiZ, -LJ-Z: Z^CZ^r^^S^?^ * view * d » «*»■ 

jgT?** «? than by alSS ^ia^^S c T B ^^*i M * fco * 

sues as tnmnrioo which crates aueroeafablM Am i *i-ZTr * W J«* aianer riitrlneul 
ctaorved in aotaioa Manual SSSa^TnSSZ 23 LhTT, 



^axom^abed bV.eve»I fJL, ' fT** ""t*** «to-o«nd imaga* the 

_ ^^^AitrLta: ^^aly a ^'' """" " tM ^" 

way tap. Although techmquet oooid wyiTpracBce. ™ 



w^y box Ahhoogh techaique. oooid v^"^"practieZ ^^*wn« W « a. rattocYthe persaeaoe of 

the three-way tap ■ « preterad method to BMBaafly of aid pa m an aaoeoqa aohatof to 

jgHwul a quaatiiy of high Q ~* 



of the conom JPreuT. edjvvaet tot unmumim* r+ 
tctn^ emrntb. Typically, a three-way tep a oomrked 

cliaaaber. The chamber ha* o«te from whkh d» «av 
pe y°? ii ° a y ^ °oP<cted or iaitaaed dtrectry, 

Te dLai>t<iei foe oat of the thr ee- w ay tapaatvdifler 
fromUjjt dented ial US. t*. tZu3m*£Z 

5" ■ «»• prooadara. For 49 

eumple, o» of <m of ma ma* O rmSTlTi ■ 
diasloaed berem may be more ciBcamttfmieavaiea^k 
fM^ < mSSStoa a a^oTai Wto aaother^bT 

« fr^H 1 l ' 0 ,r?T * ^ "P** ^J*^ a* >i ttm.oaXdofataioaa 
S-^^^rc^ » mmmpm m^^ 

^^JL^^^^^^ ''^^''^Zl.n 

two a draws atto ma other tyriagc ao that the mm of (5 
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Gas or air filled mfcrobubble suspensions in aqueous phases usablt as tmaftai contrast aftao ia ultrasonic echoiraphy. 
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Iipoaotnta. Tba wapttttioos m oota^ 
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STABLE MICBOBUBBLE3 3USPEISI0MS INJECTABLE IBTO 
LIVIIO OHOAIZBNS 

The present invention concern* aedia adapted for injection 
into living bodies, o.g. for tho purpose of ultrasonic echo- 
graphy end. ■ore particularly, injectable liquid compositions 
comprising alcrobubbles of air or physiologically acceptable 
gases as stable dispersions or suspensions in an aqueous liquid 
carrier. These composition* are ■ostly usable as contrast agents 
in ultrasonic echography to laage the inside of blood-stream 
vessels and other cavities of living beings, e.g. human patients 
and aniaala. Other uses however are also conteaplated as 
disclosed hereefter. 

The invention also comprises dry compositions which, upon 
admixing with an aqueous carrier liquid, win generate the 
foregoing sterile suspension of alcrobubbles thereafter usable 
as contrast agent for ultrasonic echography and other purposes. 

Zt is veil known* thet a-icrobodies like Microspheres or 
■lcroglobules of air or a gas. e.g. alcrobubbles or alcro- 
balloons, suspended in a liquid are exceptionally efficient 
ultrasound reflectors for echography. In this disclosure the 
tern of -aicrobubblo" specifically designates air or gas glo- 
bules in suspension la e liquid which generally results froa the 
introduction therelo of air or. a gas in divided fora. the liquid 
preferably also containing surfactants or tens ides to control 
the surface properties thereof and the stability of the bubbles. 
More specifically, one aey consider thet the internal voluae of 
the alcrobubbles is l lai tH g^jy/ 1 louid lntmrfmcm . or m 
other words, " " ~- * >-' yvi ** > * n - '~ 




In contrest, the tera of "microcapsule" or "aicrobelloon 1 
designates preferably air or gas bodies vita a aaterial boundary 
r envoi pe fora d f a lecules th r than that f the liquid t 
ausp nsi n. e.g. e p lyeer aeabrane wall. B th alcr bubbi s and 

SUBSTITUTE SHEET 
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.icr b.ll on.. . r . ua , ul „ ultr „ nic 

instanc injecting into the biood-.tre.. of 

'™ " .icrobubbl.. or .icrou.Uoo , J. ^ 

ultrasonic achogr.phy i..gi„ fl . thus atom, m the vLa! .."on 
of internal org.n.. i..gi„g 0# v#M#ls n 

strongly help i„ ..oicol diagnosis, for instance , 0r en. 
detection of cardiovascular and other diaoaaoa. 

The formation of suspension* of .icrobubbiee in an mject- 
«ie liquid carrier suitable for echogr.pby can follow v.nou- 
routes. For instance in OB-a- 35291*5 (Ma*-Pi.„ c ic ce.eii ) 
there is disclosed a technique for generating 0.5-50 ^bbie, 
in wmcn an aqueous ..unified .i.ture containing . v.ter 
soluble poiyeer. .. oil and ein.r.i salt. i. forced bach and 
forth, together with . s..U ..ount of air. fro. one syringe* 
into another through • ..all opening. Here, e.eh.nic.1 forces 
•re responsible for the for. at ion of bubble, la the liquid. 

M.». Reuer et el. ( j. aitr..ound Ned. s. a9 e«). 439-e) 
h.v. reported .objecting to ultr..onic c.vit.tion under .t.o- 
Phenc pr...ur. solution, containing high concentration, of 
soiut.. .uch deitro... lenogref in-76. lope.idol (en x-r.y 
contrast agent,, end the lite, there the .ir la driven into the 
solution by the energy of cavitation. 

Other technique, rely on the shaking of • c.rrier liquid in 
which air containing .icropertlcie. h.ve been incorporated, said 
carrier liquid usually containing. •• it.Diui.ri, vi.co.ity en- 
nancing agents, e.g. water .olobl. polypeptide, or carbohydrate, 
•nd/or .urf.et.ht.. it is .ff.ctlv.iy .d.itt.d that th. st.btu- 
ty of th. .wrobohbl.. ag.m.t decay or ..cap. to the at.ospher. 
is controlled by th. vi.co.ity and .urf.c. prepare t.. of the 
carrier liquid. Th. .ir or gas i. th. .icropertlcl.. can consist 
of i«t.r-p«rticl. or intr.-cry.t.llin. ..trapped g... •• well .. 
surf.c. adsorbed g... or ge. produced by reection. with the car- 
rur liquid, usually .,«..«.. A11 m , la miy < Mcrl6#a fop 
»n.t..c. in 8P-A- 52.375 («tr. M d. inc., in which there are 
««•« sgor gat . f l - 50 „. particl . f c .rb hydra t a. ( .g. 
« . no. . . rtflt i, gi« c nic .cid. «ucr • . giucos 
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and the Ilk.)- in ague us soiuti ns t gi yc la or p lyglvc i9 
th r water soluble p lyaers. 

Also, in EP-A- 123.235 end 122.624 (Sobering. a .. also 
EP-A- 320.433) u«. 1, ..de of air trapped In solid,, for 
instance. 122.624 clams . nguld carrier contrast co.position 
for ultrasonic echography containing ■icroparticiee of a solid 
surfactant, tit* latter being optionally coabined with aicro- 
particlas of a non-surfactant, as explained in this docuaent. 
the foraatlon of air bufibies in the solution results fro. the 
release of the air adsorbed on the surface of the particles, or 
trapped within the particle lattice, or caught between indivi- 
dual particles, this being so when the particles are agitated 
with the liquid carrier. 

EP-A- 131.540 (Sobering) also discloses the preparation of 
aicrobubbles suspensions in which a stabilised lnjectabie- 
carner liquid, e.g. a physiological aqueous solution of salt, 
or a solution of a sugar like aaltoae. dextrose, lactose or 
galactose, without viscosity enhancer, is eixed with aicro- 
particles (in the o.l to l jm range) of the saae sugars con- 
taining, entrapped air. In order that' the suspension of bubbles 
can develop within th* liquid carrier, the foregoing documents 
reconaend that both liquid and solid coaponents be violently 
agitated together under sterile conditions; the agitation of 
both coaponents together is perforaed for a few seconds and. 
once aade. the suspension aust then be used laaedlately. i.e. it 
should be injected within .5 - 10 ainutee for ecnographic 
aeasureaents; this indicates that the bubbles in the suspensions 
are not long lived and one practical probiea with the use of 
■lcrobubbtea suspensions for injection is lack of stability with 
tiae. The present invention fully reaedies this drawback. 

In US-A- 4.466,442 (Scherlng). there is disclosed a series 
of different techniques for producing suspensions of gas aicro- 
bubbles in a liquid carrier using (a) a solution of a tenside 
(surfactant) in a carrier liquid (aqueous) and (b) a solution of 
a viscosity enhancer as stabiliser. For generating the bubbles, 
th technlqu s us d th r include f rcmg at high vel city a 
eixture f (a), (b) and air thr ugh a saall ap rtur ; r 
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inj ctin 9 lnt (b) ,„ 

».«.r. a., and « ld r .. etll>0 „„„ J e . re " "'• t ' , ' r Ju " 

«.) .»« .») 0M ., .«„.,.. tM j r .\. ::r,„ ; 

Tdd Cdd.ldd. ,„ ( „ 

« poiyozyocayi.n. and Polyoiy.ehyi.cdd polyola n« 
»«.«... ..ycoi. ... „,«.„,. eWl .. e . re „ . M £ H " " _ 

(glue.... ueto... .uero... d«tr.», .o,b Uol) . p.,,.,, . - 
.lye.,.,. ...y^ycu, .„,, tolrfm , tlt „ lam ' •; «;'• 

11. . * nlV>t * , "• 0 " , ••>«>•« •« Pl.ron.e*') 

«»•. .dim so * 

Alt»..,» t». .e.,.v.... t . o> ». pMer .„ „,». 
»« «.r fr.. d,.«.«. u ., e J 
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run < el „, , Bd e „„ eatl> lb Jy> 
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cles or high e ncentrations of lectr lyt » and thtP rtUtlv ly 
inert solut s in th cerri r liquid eey b undeeirable physio- 
logically in soae cases. Finally, the suspensions are totally 
unstable under storage and cannot be nerketed as such; hence 
great skill is required to prepare the alcrobubbles at the right 
■oaent just before use. 

Of course there exists stable suspensions of eicrocapsuies. 
i.e. eicroballoons with a solid, air-sealed rigid polyaeric 
■eaorane which perfectly resist for long storege periods in 
suspension, which have been developed to reaedy this shortcoming 
(see for instance K.J. tfldder. BP-a- 324.936); hovever the 
properties of alcrocapsules in vhlch a gas is entrapped inside 
solid aeabrane vesicles essentially differ froa that of the gas 
aicrobubbles of the present invention and belong to a different 
kind of art; for instance while the gas aicrobubbles discussed, 
here vill siaply escape or dissolve in the blood-streea when the 
stabilisers in the carrier liquid are excreted or aetabolised, 
the solid polyaer aaceriel foralng the veils of ' the aforeaen- 
tioned sicro-bel loons aust eventually be disposed of by the 
orgenisa being teeted which, aey lapose e serious af terburden 
upon it. Also cepsules vita solid, non-elastic aeabrane aey 
break irreversibly under variations of pressure. 

The coapositlon of the present invention, as defined in 
elaia l. fully reeedles the eforeaentloned pitfalls. 

The care "laaellar fore- defining the condition of at least 
a portion of the surfactant or surfactants of the present cob po- 
sition indicates thee the' surfactants, in strong contrast with 
the aicropartlcles of the prior are (for instance EP-a- 
123.235). _are in the fora of thin files involving one or aore 
aoleculer leyers (in leaineee fora). Converting fiia foraing 
surfaceanes into laaeller fora cen easily be done for instance 
by high pressure hoaogenlsatlon or by aonlcaeion under acous- 
tical or ultrasonic frequencies. In this connection, le should 
be pointed out thee the existence of liposoaes is e veil known 
end useful illustration of eases in which surfectants, aore 
particularly lipids, ar la lea Her f ra. 

Lip c ae s lutions ere aqueous susp asl ns f eicr sc pic 
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v..iel... gono r . Uy sph rl B 

•ne.p.ul.t.d th#r . ln . ThM . VMlcl#> ar# MM11 / f ^^ tMe - 
or -ore conc.ntrlc.ny .rr.ng.d . 0l . culip liy . f ~ 
a.pnip.tic co.pound,. i... co.pound. b.vmg . l2 ' V °' 

pmiic .oi.ty .nd . npopninc bydropboo'ic tor 
inst.nc. -Lipo.o.. Neology. £d. L.O. to..r..n ot .1 J 
m . .-. *.y 1*.^ H.ny .urf.ct.nt. or t.n.id... ^ 
lipid.. P .rticul.rly pbo.pboiipid., c.n b . lMlMrlB .« J 
corr.,po n d to thi, Und of .tructuro. thl . lnventlon . one 
pr.f.r.bly u... t„. lipid. cowonly „..« for ..king i lpojOM8 

dat.il n.ro.ft.r. Nt thi. doo. in no v-y Dr . cX(Id . eh . 
otnor .urf.et.ot. provid.d tb.y c.« 6. fo,..o lnto lay0r , or 



fll... 

It 



i« i.port.nt to not. tb.t no confu.ion .hould bo ..do 

TllVlAT PP " -ne lnV#ntl °- Md of .y.. cus-A- 

«. 900.340, roportlng tho u.« of .ir or go. fuiod lipo.o.o. for 
•chogr.phy. m thl. ..thod ty. ooc.p.oue.o .ir or . g.. * U hin 
11P0.0.1C viol.., in ..bodl.ont. of th. pr ...„t inv.ntion 
. crobubblo. or .ir or . g... .r. for..d in . .o.pon.ion of 

11PO.O.O. (i... llttald f ill.* iipo.o.0., „d tbo llpo.O... 

•pporontly itaum tbo .Icrobubblo.. In ly... t ho , lr ls 
insido tn. lipo.o.... men ...a. tb.t vicoin tbo bound, of th. 
pro.oi.tly u.«d fr.l«ology. tbo .i P f m .« llpo . OM , of Ry , n 
boiong to tbo el... of .icrob.lloon. «nd not to tb.t of the 
■icrobubblo. of tbo pr...nt. invention-. 

Pr.etlc.lly. ta achieve tbo- .u.pon.ion. of" .icrobubblo. 
according tb. mention, on. .. y , t .rt vith lipo.o... ,u.p.„- 
•ion. or .elation. prop«rod by «ny tochnigu. roportod in tbo 
Prior .rt. with tbo obvioo. diff.r.neo tb.t in tbo pro.ont c... 
the lipo.o.ic vooiclo. «ro profor.bly -tt«io.d.d- # i.o. tboy do 
not nood to koop enc.p.ai.t.4 tboroin .ny froign ..torl.l othor 
tb.n tbo liquid of .u.pon.ion .. i. nor..u y tbo odj.cc of 
cu.oic lipo.o.... Hone, preferably, tbo lipo.o... f tb 
prone inv ntl n viu e ot.m .«.,«. tt . ph... ld . BtlC4l or 
«i«U.r t tb u. pb..o , tn. . lutl o it. if. thon .ir or 

• 9«» l. lotr due d int tb lipo. .. . lutl n , tb.t « 
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suspension f. .icr bubbles will f re, said . u , p nsl „ D#lng 
stabilised by the presence f th surfactants In lee liar f re. 
notwithstanding, the eaterial asking the lipoao.e walls can be 
aodified within the scope of the present invention, for instance 
by covalantly grafting thereon foreign aoleculcs designed for 
specific purposes as viil be explained later. 

The preparation of liposome solutions has been abundently 
discussed in eany publications, e.g. us-a- 4.22*. 179 and wo-a- 
86/09165 and all citations aentloned therein. This prior art is 
used here as reference for exemplifying the various aethods 
suitable for converting file foraing tensides into laaellar 
fore. Another basic reference by h.C. Hoodie and o. 
Papahadjopoulos Is found in -Methods in Entyaology" 121 (1969). 
193. 

For instance, in a aetnod disclosed in O.A. Tyrrell et al, 
Biochiaica & Biophysics Acta 431 (1976). 259-302. e alxture of a 
lipid and an aqueous liquid carrier is subjected to violent 
agitation and thereafter sonicated at acoustic or ultrasonic 
frequencies at rooa or elevated teaperature. In th* present in- 
vention, it has been found that sonicaeion without agitation is 
convenient. Also, an apparatus for aaklng ilposones. a high 
pressure hoaogeniser such as th* Nlcrof luldlter® . wnich can be 
purchased froa Mlcrof luldlcs Corp.. Mevton. HA 02164 USA. can be 
used advantageously. Large voluaes of liposoa* solutions can be 
prepared with this apparatus under pressures which can reach 
600-1200 bar. 

In another a*thod, according to' the teaching of OB-a- 
2.134,869 (Squibb), alcropartlcles (10 jia or lees) of a hydro- 
soluble carrier solid (iaCl. sucrose, lactose and other carbo- 
hydrates) are coated with an aaphlpatlc agent; th* dissolution 
of th* coated c*rrfr in an aqueous phase will yield liposome 
vesicles. In G8-A- 2.136,647 insoluble particles, e.g. glass or 
resin eicrobcads are coeted by aoistening in a solution of a 
lipid in an organic solvent followed by reaoval of the solvent 
by evaporation. Th* lipid coated aicrobeads are thereafter 
c ntacted with an aqueous earn r phase, wh r*by lip a ale 
w sicies win f ra In that carrier phase. 
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The intr ducti n t air r g.. lot . llp , , UM , i(| 
order co for. therein a suspension 0 f nicrobubbles c.n- be af- 
fected by usual ...„,. int .r all. by injection, that i, for - 
cm, 3.10 «i r or gas througb tiny orifice, into the lipo.o.e 
solution, or si.piy dissolving tbo gas in tbo solution by apply- 
ing pressure end thereafter suddenly releasing tbe pressure 
Another vay is to agitate or sonieete tbe Uposo.o solution in 
the presence of sir or en entrappablo ges. Also one can g.ner.to 
the foraetlon of • gas within the solution of Uposoees itself 
for instance by a gas releesing cbeeical reaction, e.g. deco.- 
posing a dissolved carbonate or bicarbonate by acid. The sane 
effect can be obtained by dissolving under pressure a lov boil- 
ing liquid, for instance butane. In the aqueous phase and 
thereafter elloving said liquid to boll by suddenly releasing 
the pressure. 

■otvith.taadlng. an advantageous net hod is to contact the 
dry surfactant in la.ellar or thin f 11. for* vitb eir or an ad- 
sorbable or entrappable gae before Introducing sold surfactant 
into tbe liquid carrier pbaso. in this regard, tno ■.thod can bo 
derived fro. the technique disclosed in Gi-A-2.135.647. i.a. 
solid nicroperticlee or beads are dipped in a solution of a film 
formng surfactant (or nixture of surfactants) in a volatile 
solvent, after vhich the solvent is evaporated end the beads are 
left in contact vith air (or an adsorbablo gas) for a tine suf- 
ficient for that air to bocoae superficially bound to the sur- 
factant layer. Thereafter, the beads coated vlth air filled sur- 
fectant are pat into e carrier liquid, usually vater vlth or 
vi thou t additives, whereby air bubbles vill devalop within tho 
liquid by gent la .iju«g, violent agitation boiag entirely un- 
necessary. Then the solid beads can bo separated, for instance 
by filtration, free the nicrobubblo suspension vhich is reaark- 
ably stable vlth tine. 

Needleee to sey that, instead of insoluble beads or 
spheres, ono nay use es supporting particles vater soluble nate- 
nala like tbet disci sod in cb-a- 2.19*.e«« (carb hydrates or 
ftydr phllic polyaers). vh reby said supporting particles vill 
•v ntualiy diss lve and fm«i ,«p« r atl n f a s lid bee aes un- 
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necessary. Puether. r. in this case, the a.t.rial f the parci- 
cl s csn d. , i ct d t v ntuelly act •• stabiliser r viae .1- 
ey enhancer wherever desired. 

in a variant of eh* aethod. one ..y « lao st4rt „ Uh 
dehydrated Uposoaes. 1... Uposoaes which heve been prepared 
noreally by aeans of conventional techniques in the fore of 
aqueous solueions end thereafter dehydrated by usual aeans e g 
such as disclosed in US-A- 4.229.360 also Incorporated herein as 
reference. On* of the aethoda for dehydrating Uposoaes recoo- 
■ended in ehis reference is fre*t*-drying (lyophilitaeion) . i.e. 
the Uposoae solution is froten end dried by •vaporation (subli- 
■acion) under reduced pressur*. Prior to *ffeceing freese- 
drymg. a hydrophlllc stabiliser compound la diasolved in the 
solution, for instance e carbohydrate like lactose or sucrose or 
• hydrophlllc polyaer like dextraa. starch. PVP. pva and the 
li*e. Thia is useful in th* present invention sine* such hydro- 
phlllc coepouods also aid in hoaogeniaing the aierobubblas site 
distribution and enhance atabllity under storage. Actually ask- 
ing very dilute aqueous solutions (0. I - io* by weight) of 
freese-drled Uposoaes stabilised vlth. for instance, a 5.1 to 
lOtl weight retio of lactose to lipid enables to produce aqueous 
aierobubblas suspensions counting io a - io 9 alcrobubbles/ai 
(site distribution aalnly 0.5 - 10 urn) which are stable for at 
leest e eon eh (and probably euch longer) without significant 
observable change. And this la obtained by staple dissolution of 
th* air-stored dried Uposoaes without shaking or any violent 
agieaeion. Furthermore, the) frecse-drylag technique under 
reduced pressure, i* vary useful because it para its. after 
drying, to res core the. pressure above the dried Uposoaes with 
any encrappebl* gas. l.a. nitrogen. CO,, argon, aethaae, freon. 
etc.. whereby after dissolution of the Uposoaes proceaaed under 
such conditions suspensions of aierobubblas containing the above 
gases ere obteined. 

Microbubbles suspensions foraad by applying gas pressure on 
e dilute solution of laalnatad lipid* la vatar (0.1 - io« by 
weight) end thereof tar suddenly ral asing th pressure have an 
even higher bubbl c ncontratl a. e.g. la the rder f io 10 - 
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Th. t.n.id*. or ,urf.ce.ne. which . P . conv.„i.„ t ln tMa 
invention c.n b. ,. Aect ., , ro . mn «. phlp . tlc COBpoun<|s ' 
of for.ing .t.bi. « 1M 1B tn . pr „. nc , of ¥at-j . aM »• 
or.f.rr.d .«rf.ce.ne. which c.n b. !..!„.„..« lnclu „. Cfte 
i.cithin. <pho. p n.tidyi-cholin.) .„d oth.r pho.phoiipid. m . r 
.11. pno.pn.ddic .cid (PA) , pho.pn.eidyi-ino.xtoi pho.pn.eidyi- 
.tn.„oi..in. (P S) . pbo.ph.tidyi-..ri„. ( p S) . pho.ph.tidy . 
glycerol ,P0,. crdioiipm (CL>. .phinoo.y.im.. tn. pi.,. og .„ 
tn. c.r.bro.id... .tc. E,.. plM of , ultm . Upldg ^ J- 
pho.phoiipid. i» g.n.r.1. for M « pl#< Mtml lteUhlflf 
« .gg i.cithin or .oy. noon i.cithin. or .ynen.eic i.cithin. 
.uch .. ..tur.eod .y»th.tlc immutum. for «« M| di.yn.toyl 
pho.ph.tidyl cbolln.. dlp.l.«ovi pho.ph.tidyl cholln. or 

i^Z 1 "I"*""* 1 c * oU " " «»"t„r.t.« .ynenoeic 
i.cithin., .ucn dioioyi pho.ph.tidyl. ch.im. or duinoi.yi 
pno,pn.eidyi cnoim.. with x. G xtuin or , oya bMn 

b. in, pr.f.rr.d. Addieivo. cholo.t.rol .nd oth.r .ub.c.nc.s 
(... b.low) c .n bo .ddod to on. or .or. of tn. for.going lipids 
in proportion, ranging fro. i.ro Co SOS by w.ight. 

such .dditiw.. ..y mciud. oen.r .urf.ct.nt. tn.t c.n o« 
u..d in .d.mur. with tb. fii. for.ing .urf.ct.nt. «nd .o.e of 
vhich.r. r.cit.d in prlor . rt . d |.ct,...d in th. introduction 
of em. .p.«ific.tlon. P.r in.t.nco. on. ..y clt. fro. r.tey 
•cid.. *.t. r . of f.tty .cid* with polyo*y.i«yi.„. co.pound. im. 
polyo.ypropyi... glycol .nd polyxy.thyi.n. glycol; .en.r. of 
ftty .icohol. with polyoxy.ikyi.no glycol... ..tor. of f.tty 
•cid. with polyo«y.i»yi.t.d .orbit.n, .o.p«; glycrol-poiy.i - 
*ylon. .t.«r.t.; glycrol-poiyo«y.tnyl.n. ricinol.«e., no.o- «nd 
copolynor. of poly.Uyi.n. glycol., poly.tho«yl.tod .oy.-oii .nd 

c. cor ou .. von bydrog.n.t.d d.riw.tiw.. ? .th.r. «nd 
•« r. f .ucr •• r tn.r c.rb nydr.t.. with f.tty .cid.. f.eey 
*lc h i.. eh... b in, ptlon.Uy poly Ky.hyi.t.d; . n -. dl- «nd 
cnglycrid.. f ..tur.t.d r un.atur.e.d f.eey .cid.; glyc - 
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rid., t a yVou and ,ucro« . Th «. unt t 

tot.l ..ount of .urf.ct.nt. l» th. co.po.* ! ^ °' " - 

t>.c*..n tero and 30 *. -Potion but i. pr.fer.bly 

Th. total a.ount of aurf.ctant. r.Ltiv. e* ^. 
c.rn.r Uguid 1. b..t in th. rang, of o.oi to J« J . * ,Ue ° U8 
ou.n titl.. 1B th. r.ng. o.S - s, ar. adv.'nt. ^« £ 
•lw.y. tn.. to k ..p th. ..ount of .ctiv. .ub.t.nc. x„ " Z 
Ject.bl. solution .. low po..ibl.. thi, b .i„ y to mi ol . . . 
introduction of for.ign ..e.ri.l. into im ng alng , " w 
chey .r. h.r.le,, .„d phy.iologic.lly co.p.tibl. 

Furtn.r option.! .dditiv.s to th. .urf.ct.nt. inciud.- 

on ii' " 6 " MC " WI,1C,, kno ™ <° P"vid. . n.g.tiv. ch.rg 
on iipo.o.... for ..a.pi.. pho.ph.tidic acid, pho.ph.tidv! 
glycroi or dic.tyl pho.ph.t.; . P*o.ph.tidyi- 

b) .ub.tanc. .novn to provid. • po.itlv. ch.rg.. for 

th. ilni/^" 6 " ^ th * Phy-1C * 1 Proporti.. of 

th. lipid fa.. ln . HOr . dMlr . bl . fop M pr.-i.e. 

...»d,or .t.r.1. ..ch chol..t.rol. .rgo.*.^ nytol . ' . 

.no. ' Slt0 " #r ° l PyP ^ 0t - t -' ^^ro-chol.It.rol o 
Lno.t.rol. ..y .ff.ct lipid fu., rigidity.. 

D ^ d, . ,U,,, • lnet, ' n ° ¥ " t0 ^ Pr.p.rti.. to i.. 

prov. th. ch..ic.l .t.biuty of th. co.pon.nt. i„ th. ,u.p.n- 
»ion.. »«ch tocoph.r.1. propyl g.u.t.. „ corbyl p . 1>ltlte 
or butyiat.d hydroxy: tolu.n.. . 

po..i!w T Wrl * r ^ thl * lnV * ntlon *■ — tly -t.r „,th 
Po..ibly ...u gu.ntlti.. of phy.iologic.liy co.patibl. iiguxd. 

nlLr ^° Pr0PM ° 1 ' »».«.nol .„d th. , or 

in.tanc. EP-A- 82.575). In g.n.r.i th. ..ount of th. org.nic 
hydro.olubl. liqaid. .in not .«c..d 5 - 10, by v.ight 

Th. pr...nt co.po.uion ..y .1,0 cont.in di..oiv.d or 

ZIZZ T™ hy<,r ° P,,lllC «« d.fi„.d 

Although th. pr...nc. of .«cjr co.pound. i. not co.pul.ory for 
.n.«,in, .t.biutytoth .ir r g.. bubbl.. vith ti. ln t h 
pr.r,»t di.p r.l ... th . y , r . . dv . ntag . u , , gl „. g M ^ f 
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ITZcl I! 1Utl ° n - ^ * th ' C ■—«««!... 

of such additive, vben totally innocuous can be vory high for 

inatanc. up to ao - 90, by veight of aolution vith lopa.Loi .„d 
other lodinatod x-ray contraec agente. novever with other vis- 
co.ity enhancere like , or instance auger,, e.g. laetOM 
aueroae. .altoaa. gelactoee. glucoae. etc. or hydrophilic poiy- 
•era Ilka atareh. dextran. polyvinyl alcohol, polyvinylpyrroli- 
done, dextrin, xanthan or partly hydro lyted celluioae oligomers 
•a veil aa proteina and polypeptldee . the concentrations ar 
beat betveen about l and 40X by veight. a range of about 5 - 20* 
being preferred. 

tike in the prior art. the injectable coapoeitiona of tftia 
invention can alao contain phyeioiogically acceptable eiectro- 
lytea; an exaapie la an laotonie solution of salt. 

The preaent invention naturally- alao includea dry atorable 
pulverulent blende vhleh cea geaerete the preaent aicrobubble 
containing dispersions .. upon. alaple admixing vlth vater or an 
aqueous carrier phase. Preferably aucb dry blende or foraui- 
etiona viil contain all solid ingredieota neceaaary to provide 
the deaired aicrobubblee auapenaiona upon the si.pi« Edition of 
vater. i.e. principally the surfactants in laaellsr for. con- 
taining trapped or adsorbed therein the air or gea required for 
•lcrobubble for.atlon, and accessor ily the other non-file fore- 
ing surfactants, the viscosity enhancers and stabilisers and 
poaaibly other optional sdditivea. Aa aeid before, the air or 
gas entreppaent by the laalnated aurfaetanta occurs oy siapiy 
expoamg aald aurfaetanta to the air (or gea) at rooa or auper- 
ataoapherlc pressure for a tiae- aufficient to cause said air or 
gaa to becoao entrapped vithia the surfactant. Thia period of 
tiae can be very abort, e.g. in the order of a few seconds to • 
fev .mutes although over-cxpoeure. i.e. storage under air or 
under a gasaoua acaoepbere la la ao vay heraful. What is leper- 
tant la that air eaa veil contact aa aucb aa poeeible of the 
available aurfaee of the laalaated surfactant, i.e. the dry 
■atonal ah uld prof rably b la a -fluffy- light fl vmg c ndi- 
eion. Thia la preciaely this c ndltl a vhleh reaulta fr a tn 
fr ae-orying f en aou us s luti n f lipos a a and nydr - 
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phllic agent as disci sad in us-a- 4,229.360. 

in gen r«l. the ir ight Mtio f surfactants t hydrophilic 
vucoaity enhancer in the dry /emulations win be in the order 
o/ 0.1:10 to ion. the further optional Ingredients, if any. 
being present in a ratio not exceeding SOS relative to the total 
of surfactant* plus viscosity enhancers. 

The dry blend foraulations of this invention can be 
prepared by very sl.pl. aethods. as seen before, one preferred 
■ethod is to first prepare an aqueous solution in which the fiia 
foraing lipids are laainarised. for instance by sonication. or 
using any conventional technique coaaonly used in the liposoae 
field. this solution also containing the othar desired 
additives, i.e. viscosity enhancers, non-fiia foraing surfact- 
ants, electrolyte, etc.. and thereafter freeae drying to a free 
Movable powder which is then stored in the presence of air or 
an entrappable gaa. 

The dry blend can be kept for any period of tlae in the dry 
state and sold as sach. For- potting it into- use. i.e. for pre- 
paring a gas or air alcrobubble. suspension for ultrasonic laag- 
lng. one siaply dissolves e known weight- of tbe dry pulverulent 
foraulatlon in a sterile aqueous phase, e.g. water or a 
physiologically acceptable aedlua. The aaount of powder will 
depend on the desired concentretlon of bubbles in the injectable 
product, a count of about 10* - 10* bubbles/al being generally 
that froa asking a S - 20* by weight solution of the powder in 
water. But naturally this figure Is only indicative, the aaount 
of bubbles being essentially dependent on the aaouot of air or 
gas trapped during aanufacture of the dry powder. The aanu- 
facturing step* being under control, the dissolution of the dry 
foraulations will provide alcrobubble suspensions with wen 
reproducible counts. 

The resulting alcrobubble suspensions (bubble in the 0.5 - 
10 jib range) are extraordinarily stable with tlae. the count 
originally aaeaured et start staying unchanged or only little 
changed for weeks and even souths; the only observable change is 
a kind f segregati n, the ltrg r bubbles (around 10 urn) tending 
to ris faster thaa th saall a a. * 
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tbl, 'InvanM' " ' ^ " c "*»»« ««P-nsion, of 

this invention can b. dllut.d v.ry uttl. lo.. i„ ene 

u.b.r of .icrobubbl.. to b. Mp . ct#d , ro . 4i 
in th. c.s. of bigb dilution r.tio.. .. g . 1/10 a t0 ' 1/10 # « *™ 
.icrobubbl. count r.duction accur.t.iy .etch.. ¥lth th . 
ratio. This indict.. th.t th. .t.bility of th. bubbl.. depend, 
on tn. surfactant in ia..n.r , or . r . eh#r t „ M ^ ^ ^ 
of stablll..r. or vl.co.ity .nh.ne.r. Ilk. i« tn . prlor art 
This property i, .dv.nt.g.ou. in r.g.rd to i..g lng teat 
r.producibllity tb. bubbl.. .r. not .ff.ct.d by dilution with 
blood upon lnj.ction into . patient. 

Anotner adv.nteg. of tb. bubbl.. of thl. inv.ntlon versus 
tft. .icroc.p.ui.. of tb. prior .rt .urround.d by . rigid o ue 
breefcabl. ...bran, vhich ..y irr.v.r.ibly fr.ctur. und.r stress 
is tnet vb.n tb. pr...nt *u. pen. ions «r. .ubj.ct to sudden 
pr...ur. ch.ng... tb. pr.,.nt bubbl.. *m .o..nt.rily contr.ct 
•la.tic.lly «nd th.» r.. tt .. tb.ir origin.i sh.p. vb.n th. 
pr...«r. i. r.i....d. Thl. i. i.port.nt in clinical pr.ctic. 
vb.n tb. .icrobubbl.. «r. pu.ped through tb. hurt end therefor. 
«r. exposed to alt erne ting pressure pule... 

Tb. r.e.en. why tb. .icrobubbl.. In tbl. inv.ntlon «r. so 
stable er. not clearly understood, sine, to prevent bubbl. 
esc.p. tb. buoyancy fore, tbould eo.uilibr.te vith tb. r.t.ining 
fore. du. to friction, l... to vl.co.ity. it 1. tb.orl..d tbet 
tb. bubbl.. .r. prob.bly .urround.d by tb. la.inated surf.ct.nt. 
wn.th.r tbl. u.i B .r .urf.ct.nt 1. in en. for. of « continuous 
or discontinue ...bran.. or even clc.d .pher.r ettecb.d to 
th. ■icrob.b.bu.. i. for tb. .o.ent unknovn bue und.r mv.etige- 
tion. Hov.v.r tb. lack of . d.t.ll.d kno.l.dg. of tb. pb.no..„e 
pr.«.ntly involved do., not pr.clud. full industrial op.r.bility 
of tb. present invention. 

Tb. bubbl. suspensions of tb. pr.sent invention er. else 
u..ful in otb.r ..dle.l/dl.gn..t4e application, where it is 
d.sir.bl. to targ.t tb. stabilised .icrobubbl.. to specific 
»ite. i„ tb. b dy f ii ving tb ir laj ctl n. t r in.t.oc. t 
tar .bi p r .. nt in bl d v ...is. t sther . ci rotic l..i n. 
<Pi«9o 9) m arteries, t tu. r ells. v u •« f r tb 
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diagnosis t alt r.d surf.c s f b dy c.viti... . g . ulc . ratlon 
sit s in til. st ..eh r tu. rs f th bl.ddT. P r this. on. c.n 
bind aonoclon.l .ntibodl.s t.llor.d by g.n.tlc engineering 
antibody fr.gaents or polypeptides designed to mimic .ntibodl.s' 
bio.dh.siv. polyaers, l.etlns «nd other si to- recognising .ole- 
cules to the surf«et«nt l.yor stabilising tb. aicrobubbl.a. Thus 
■onoelon.1 .ntibodl.s c.n b« bound to phospholipid bii.y.rs by 
tho aothod described by L.O. Leseraan. p. Machy and j. a.rbet 
CLlposoM Technology vol. Ill- p. 29 «d. by 0. Orogori.dis. crc 
Pr.ss 1964). In .noth.r .ppro.eb . p.laitoyl antibody is first 
synth.slsod and then lneorpor.tad in phospholipid bii.y.rs 
following L. Hu.ng. a. Uuang and S.J. Kennel (-Liposoae Techno- 
logy vol. XI2" p. si «d. by 0. Orogori.dis, CBC Pr.ss 19.4). 
Alternatively, .oao of tho phospholipids usod la tho pr.s.nt 
invention c.n bo carefully selected in ordor to obtain prefer- 
ential uptake in organs or tissues or iaero.sod half-life in 
blood. Thus QUI ganglioaldos- or phosphatidyl inoaitol-eont.ining 
Uposoaes. preferably la addition to cholesterol, win lead to 
increased half-Urea la blood after intravenous administration 
in analogy with A. dab l ton. d. Papahad Jopoulos , Proc. Natl Acad. 
SCI USA 6S (198S) 6949. 

Tho gases in tho aicrobubbles of tho prosoat lavontion c.n 
include, in addition to current innocuous physiologically 
•eeopt.blo gasos Ilk. C0 2 . nitrogen. I 2 0. .ethane, but.no. fr.on 
and alzturos thereof, radioactive gases such .a 193 X. or 61 Kr 
•re of particular Interest la auele.r aedleine for blood 
circulation aeasureaents, for lung scintigraphy etc. 

The following Exaaples illustrate the invention on a prac- 
tical stand- point. 

Ecnogtnic niiu MiMt . 

echogenicity measurements vere perfor.ed la • pulse - echo 
systoa ..do of • pl.xiglas speciaea bolder (diaaeter 30 aa) and 
• transducer holder laaersed la a constant teaperature vater 
bath, . pulser-receiver (Accutron M3010S) vlth for the receiving 
psrt an external pro-aaplif lor vlth a fixed gala f 40 dB and an 
internal .apllfler vlth adjustabl gala froa -40 t *40 dB. a 
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10HH. 1 w-pe„ fm P „„ lfl>art 4lnth r 

x.prov. th. . lfM1 to not „ p . tl0 A/o P-t o 

wa. . senot.it 5T« 632. !«.«,,,(, w.r. c . rrlg<! 00t ~ ' C 

3.5. 5 and 7.5 NHt. 2,ZS ' 
Email ^ 

a ll»o.o.e .olution (50 .g llpld . p „ ml) pr . p . rod ln 
dl.tllled w.t.r by the REV eethod (..• P . S «olt. jr. . n<1 D 
Papah.djopouio.. Proc. n.ti. Acad, sci. usa 75 U97.) 4194! 
u.ing hydrogen.ted .oy. lecithin (»c 95 ll. Matt.r.ann che.ie 
Mln. w. c.r.any) and dicetylpho.phate in a .oi.r ratio 9/1 
Thi. 1 ipo.o.« preparation ... extruded at 65*C (to calibrate the 
veaicl. ,1,., through a l „. polycarbonate filter (Muci.opor.) . 
Two nl of thi. aolution vera adnixed with 5 al of a 75* 
lopanidol .olution in water and 0.4 .1 of air and the nixture* 

forced back and forth through a two .ynng. Myatmm „ 
di.clo.ed in ot-A-3529195. while ..interning continuou.iy a 
aught ov.r-pr...ur.. m. r.e.ited in the for..tio» of . 
s«.pen.ion of .icrobubbl.. of .ir in the liqM cl0 5. 10 6 bttW)lM 
P.r .1. b«bbl. .1,. i. 20 ltm .. ., eiMt#d by n >lcro , copy) 
*oich wa. .table for ..w.r.l hour, at roo. te.per.ture. Thi. 
su.pen.lon g«v. • .trong «cho .ign.l when te.t.d by ultr.aonic 
•ehogr.phy .t 7.5. 5. 3.5 .nd 2.25 MBt. 

Ex.eal* j 

A dl.tllled v.t.r .olution (100 .1) cont.ining by v.ight ZX 
of hydrog.a«t.d .oy. lecithin end dic.tylpho.ph.t. in a 9/1 
■olar ratio v.. .onieated for IS .in at 60-65*0 with a Br.n.on 
probe son 1 fie r (Type 250). 

,* J!"*' e °° n " 9 ' <*• centrifuged for IS .in at 

10.000 g «nd th. ..per».t.nt wa. recovered .nd l.cto.e added to 
■a*, a 7.S» b.w. .olution. Th. .olution w«. pi.c.d 1. a tight 
container in which • pr ... Br . ot 4 b „ of n n 

..t.bli.h.d ,or . f.w .met., whil. .h.hing th. container. 
Afterward., th pr «.ur. w«. r.l .... .uddenly wh reby • highly 
c nc.ntr«t.d bubbl .u.pen.io« w.. btain.d U 0» - 10" 
>«hbi../.,,. , 18 «. tPliaM . f th bBMrti ^ h w-yer 
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vidr than i„ E ,.. pl# fr..b « i t SO p.. Th , 

suspension w.s v ry stabl but after . f, d . y . . 8tgreg . Uon 
occurred in the standing phase, the larger bubble, ending to 
concentrate in the upper layers of Che suspension. 

Twenty g of glees beads (dle.eter ebout i ..) *. P . iammrM 
into • solution of 100 .g ot "pel.itoylpho.phetldyicholin 
(Fluke a.G. Bucbs) in 10 el of chlorofora. The beads vere 
rotated under reduced pressure in e roeatlng evaporator until 
all CHC1 3 had escaped. Then the beads vere further rotated under 
ataospheric pressure for a fev alnutes and 10 el of distilled 
vater vere added. The beeds vere reeoved end e suspension of air 
alcrobubbles vas obtained vhlch ves shown to contain about io 6 
bubbles/al after exeainatlon under the alcro.cope. The average, 
sice of the bubbles was about 3 - S jia. Tha suspension was 
stable for several days at leest. 

EXAlAif. 4 

a hydrogenated soya lecithln/dlcetylphosphate suspension in 
water was laaiaarised using the BIT technique as described in 
Exaaple l. Tvo al of the llposoae preperatlon vere added to 6 ai 
of is* aalto.a solution la distilled veter. The resulting 
solution vas f rosea at -30«C. then lyophllised under o.l Torr. 
Co.pl.ce subliaatloa of the ice ves obtained la a fev hours. 
Thereafter, air preesur. vas restored la the evacuated container 
so thee the lyophllised powder becaae saturated vith air in a 
fev alnutes. 

The dxy powder ves then dissolved la 10 al of sterile vater 
under g.ntl. .ixing. whereby a alcrobubble suspension (io a -io 9 
aicrobubble* per al. dyaaalc viscosity < 20 aPa.s) ves obtained. 
This suspension containing aostly bubbles in the l-S itm range 
ves stable for a very long period, as nuaerous bubbl.s could 
still b. detected after 2 aoaths steading. This alerobubbio 
suspension geve a strong respoase la ultrasoaic echography, if 
la this exaaple th s lati a is frot a by spraying m air at -30 
t -70«c t btain e frosen an v insteed f a a n lithic bl cx 
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and th. sn w la then evaporated under vacuua. excellent results 
are obtained. 



Tvo .1 ...pi., of th. Hposoae solution obtained as 
described in Exaaple « were BlJt . 0 wlth 10 ml of ^ ^ 
solution of gelatin ( ,..pi. 5 A). huaan albuain (.a.pi e SB, 
dextran (saaple SC) and lopaaldol (saaple $0). All seapies vera 
lyophlllted. After lyophlllsatlon and introduction of air. the 
various saaples vers gently aixed with 20 al of sterile water, 
in an cases, the bubble concentration vas above lo a bubbles per 
al and alaost all bubbles vera below io „.. the procedure of the 
foregoing Exaaple vas repeated vith 9 ai of the Uposoae pre- 
paration (450 ag of lipids) end only one al of a 5X huaan 
aibuam solution. After lyophilitatlon, exposure to air and 
addition of sterile vater (20 .1). the resulting solution 
contained 2 x 10* bubbles per al. aost of thea below io M a. 

fiSilsle. ft 

Lactose (500 eg), finely allied to a particle site of 1-3 
um. was aoistened vlth a chlorofora (5 al) solution of 100 ag of 

dlayrlstoylphospnatldylchollne/cliolesterol/dlpelaitoylphosphatidi 
•cid (froa Fluke) in a aolar ratio of 4tltl and thereafter 
evaporated under vacuua in a rotating evaporator. The resulting 
free flowing white powder waa rotated a few alnutes under 
nitrogen at noraal pressure and thereafter dissolved in 20 al of 
sterile vater- a alcrobubble. suspension vas obtained with about 
loS-io* aicfeobuhbles per al In the 1-10 jia site range as 
ascertained by observation under the aicroscope. In this 
exaaple. the weight ratio of coated surfactant to water-soluble 
earner was 1,5. Excellent results (10 7 -10* alcrobubble./ el) are 
•iso obtained when reducing this ratio to lower values, i.e. 
down to 1x20. which win actually lncreese the surfactant 
efficiency for the intake of elr. that la. this win decrease 
th weight f surfactant nec ssary f r pr duclng th saa bubbl 
c unt. 
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Email 2. 

An aqu. us . lutl n c ntalning 2* t hytf> g „ -t fl s 
lecithin and 0.4* of Pluronlc^PeS (a non ionic poiyoxyethyiene- 
polyoxypropylene copolyaer surfactant) vat sonicated as des- 
cribed in Exaaplo 2. After cooling and centrlfugatlon. 5 ml ot 
this solution vere added to 5 ml of a IS* aaltose solution in 
water. The r .suiting solution vas froton at -30«C and evaporated 
under 0.1 Torr. Then air pressure vas restored in the vessel 
containing the dry povder. this vas left to stand in air for a 
fev seconds, after vhieh it vas used to sake a 10* by veight 
aqueous solution vhlch shoved under the eicroscope to be a 
suspension of very tiny bubbles (belov 10 pa); the bubble 
concentration vas in the range of 10 7 bubbles per el. This 
preparation gave a very strong response in ultrasonic echography 
at 2.25, 3.5. 5 and 7.5 MBs. 

Eiiaaie. a 

Tvo-diaensionel echocardiography vas perforeed in an expe- 
riaental dog following peripheral vein injection of o.i-2 el of 
the preparation obtained in Cxaaple 4. Opacification of the left 
heart with clear outlining of the endocardiua vaa observed, 
thereby confining that the alcrobubbles (or at least a signi- 
ficant part of thee) vera able to cross the pulaonary capillary 
circulation. 



Exaanle 9 

^^^^^^ • 

A phospbollpid/aaltose lyophlllsed povder vaa prepared as 
described la txaeple 4. Bovever, at the ead "of the lyophi- 
lisacioa step, a 133 Ie containing gas alxture vas introduced in 
the evacuated container instead of air. A fov alautes later, 
sterile vater vas introduced and after gentle aixlng a aicro- 
bubble suspension containing 133 Xe in the gas phase vas pro- 
duced. This aicrobubble suspension vaa injected into living 
bodies to undertake investigations requiring use of l33 Xe as 
tracer, excellent results vere obtained. 
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... ™::r:c..;::;.::.-'.rc *:: r* 

Upo..... „. 6y «„„«,.„.» ..... 6ut .,,* "! 

;* * - '™' » - m— . 

llpoioa. cor. (eol. 2, u M , ls . 27 ,. ' 

. ,.. pr.cr,., (ble.r..«.t.) i. d.t.u.d in 
» .m a tn. ,.,.,.„... 0 , 1B9 • 

g« ».r .Qcp.ut.ciA9 tt. ,.. ,» «„ ,„« d 

.y y.» .t .„ vu. r.,«.r. «»« t». ,.. „. ,„ th . for . Q J n ^ • 

en. liposoa* v.sicl.s. 

.ry „.u .„„,.. a. S - s .„ 41 . el4 . M „ „ „ ' 
•i. J. Ultrasound Mad. i (1966). 413-496. 

a ,u.ntity of 126 of .gg UdtM. i„ d 27 . g of 
choi.at.roi v.r. di.aoiv.d ln 9 of chlorofor. la , 2Q * 
round .otto. «..*. Th . , oltttlOB of Uf ^ ^ . v . por . t . d C<J 
«ryn... on a Hot.v.por wh.r.by . f U . of th. Up,*, v.. for ..d 
on tn. wan. of th.fia.h. Aio.iof . ,o*by w.ignt 
d.x roa. aolutio. ... , 0 „ lc .t.d for 5 .in according to „.». 
K.U.r .t .1 <ibld> to g.n.r.t. .ir .icrobubbl.a tn.r.in and 
sonicacad solution wa. .dd.d to th. fiaa* containing th. fn. of 
lipid, wh.r.by h.nd «g le . tlOBO# Eh . v .„ #1 rMuit#<| 
hydration of th. pho.pholipid. and for.atlon of .uitll...u. r 
lipo.o... within th. buhhl.. confining c.rri.r liquid. 

Aft.r .ending for . t|># rMttUlng UpOMM 

»ion wa, ♦uhj.ct.d to cntrifugation und.r 5000 g , or is .in to 
ra.ov. <P0 . th. carrl.r th. air not .ntr.pp.. in th. v.. lc i... 

v.. .u, tn . t durln9 c . ntP1#ogatlon# eh# 

Upo.o..a would a.gr.gat. to th. aurfae. by buoyancy. 

Aft.r cntrifugation th. cut,.. w.r. .x..in. d . nd .now.d . 
Ootto. ra.idu. con.l.ting of .9glo..r.t.d d.xtroa. fiu.d ii po - 
"..a .„d . C l..r aup.rn.tant liquid with aub.t.ntl.lly no 
i ft. ouantlty f -lr #U1#(| np ^ w h 

«»y buoyancy va. n gligibly ... U .nd c uld n t b a.c.rtaxn.d 



SUBSTITUTE SHEET 



WO 91/152441 ^ PCT/EP91/00«0 

21 

An Inj ctabl c ntrast c aposlti n wo pr p „, d , cc r- 
co Ryan (M-A-4.900.S40. col. 3. Exa.pi. 1} . £gg l9Clthl l 
(126 .g) and cholesterol (27 .9) vara dissolved m 9 .1 0 f 
diethyiethor. To eh* solution voro added 3 al of 0.2 .oiar 
aquaoua bicarbonate and the resulting tvo p n M . .yatee. 
sonicated until bocoalng hoaogoneous. Tho aixture vas evaporated 
in a Rotavapor apparatus and 3 .1 of 0.2 aolar aquaoua 
bicarbonate vara added. 

a 1 al portion of tho Upoaoae suspension vas injected int 
the jugular vein of an experimental rabbit, the aninal being 
under condition for heart ultreeonlc laaging using an Acuson 
128-XP5 ultrasonic laager (7.5 transducer probe for laaging th 
heart). The probe provided a cross-sect lonal laage of the right 
and left ventricles (ald-paplilary auacle). After Injection, a 
light and transient (a fev seconds) increase la tho outline of 
the right ventricle vas observed. Tho effect vas hovever auch 
inferior to the effect observed using tho preparation of Cxaaple 
4. Ho laproveaeat of tho laaging of tho loft ventricle vas noted 
vbich probably indicates that tho C0 2 loaded llposoaes did not 
pass the pulaonary capillaries barrier. 
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1. A coapoaition adapted for inj.ctloa into th. blood- 
atr... .nd body c.vitio. of lm „o b.ing.. .. g . , or eh . pu 

of ultr.aonic .chogr.phy. confuting of a au.p.n.ion of alr or 
ga« .icrobubbl.. in . phy.lologlcally ecc.ptebl. aqu.oue carrier 
phase coapriatng fro. about 0.01 to aboue 20« by „.i gh t of one 
or .or. dls.olved or dl.p.r..d aurfactanta. charact.ria.d in 
that at leaat on. of the aurfactanta i. . m . foralng aur . 
factant preaent in tb. co.po.it ion « t i.aat partially in 
la.ellar or la.inar fora. 

2. Th. co.po.it ion of clai. 1. cheraet.ria.d in that the 
la.«ii«r aurfactant la in th. for. of .ono- or pluri-.oi.cuiar 
mmmbrw lay.ra. 

3. Th. competition of clai. i. cn.ract.ria.d in that th. 
laa.llar aurfactant la la th. fora of llpoao.. v.eicl.a. 

4. Tb. coapoaition of clala i, characteriaed la that it 
..a.ntially coaal.t. of a llpoao.. aolution eoat.inmg air or 
gae aierobubbl.a developed therein. 

5. Th. co.poaition of clai. 4. charact.ria.d in that th. 
ait. of .oat of both llpoao... and aierobubbl.a la b.lov so 
pr.f.rably Delov 10 urn. 

*. Th. coapoaition of elaia i. containing about io a - io 9 
bubbl.a of o.S - 10 jia aite/.l. aald concentration ahoving 
Uttl. or aubataatlally no variability under a tor age for at 
leaat a aontb. 

7. Tb. coapoaition of elaia l # charact.ria.d in that th. 
aurfactanta- «r. aelected froa phoapholipid. including th. 
lecithin, each a. pbo.pbatidie acid. ph.apbatidyl-cb.iin. # 
pbo.phatldyl-.tli.noiaaia.. phosphatidyl -Mr la.. pfto.phatidyi- 
glycrol pboepb.tidyi-ino.itoi. c.rdloiipin and aphyngo.yel in. 

0. Th. coapoaition of clai. 7. characteriaed in further 
containing aubatancea aff acting th. proper t lea of Upoeoa.a 
selected fro. phoephat idyl -glycrol. dlc.tyl-pho.phae.. ch I a- 
t r 1, erg at.r 1. phyt at.r 1. alt at.r I. lanoaterol, toe pte- 
r A. pr pyl gallate, aac rbyl pal.ltate and butylat.d bydr ay- 
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9. The coup alM n f clal. 1. furthar containing disa lv .< 
vise alty enhaneers or stabilisers sol cted fr a u n « r and 
cross-linked poly «nd oligo-saecharldes. augara, hydrophiiic 
polyaer* and lodinatod coapounds sue!) aa lopaaidol in a weight 
ratio to tho surfaetanta coaprlsed between about Its to loon. 

10. Toe co.po.itlon of elaia l. in whlcli the surfactants 
coapnso up to SOS by weight of non-laainar surfaetanta saleeted 
froa fatty aclda, astars and ethera of fatty aeida and alcohols 
with polyola such as polyalkylana glycola. polyalkylenated 
sugars and othar carbohydrates, snd polyalkylenated glycarol. 

11. a aathod for tha praparation of tha suspensions of 
claia l. cbaraetarisad by tha following steps > 

(a) selecting at laaat ono flla foraing aurfactant and con- 
verting it into laaollar foraj 

(b) contaetlng tha surfactant in laaollar fora vith air or 
an adsorbablo or entrappeble gaa for a tiaa sufficient for that 
air or gaa to boeoao bound by aald surfactant; and 

(c) adalxing tha surfactant la laaollar fora with an aque- 
ous liquid carrier, whereby a stable dispersion of air or gas 
aierobubblos in said liquid carrier will result. 

12. Tha aathod of clala 11, in which atop (e) is brought 
aoout boforo atop (b). the lattar boing offaetad by introducing 
pressurised air or gaa into tha liquid carriar and tharaafter 
releasing tha preeaure. 

13. Tha eat hod of elaia 11. in which step (c) is brought 
about by gantla alxlng of the coaponents, no shaking being 
necessary, whereby the air or gaa bound to the laaollar aurfact- 
ant in atap (b) will develop into a suspension of stable aicro- 
bubbles. 

l«. The aathod of elaiaa 11 or 12. la which tho liquid 
carriar contalna dissolved therein stabiliser eoapounda selected 
froa hydrosoluble protaias. polypeptides, sugar a. poly and 
oligo-aaccaarldea and hydrophiiic polyaers. 

IS. The aatbod of elaia 11. in which tha conversion of stop 
(a) is offaetad by coating tho surfactant onto particles of 
s lubl r ina labia aaterlals; atap (b) is affa tad by letting 
tha coatad partlel a stand for a vail under air r a gaa; and 
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step <c) i, ,f fectad by ad . ixlng tft- c at-d p4rtlclej 
aqueous liquid carrier. 

16. The eethod of claia ii. ln „ hlcn tn . convftrslon 0# 

(a) is effected by sonicating or hoaog.ni.mg under high 
pressure en aqueous solution of Ml. for.mg lipid, tMs 
operation leading, at lease pertly, to the fornation of 
Uposoaes. 

17. The eethod of el.l. 16 . in which step <b) t. effected 
by freese-drying the Uposoae containing solution, the latter 
optionally containing hydrophlllc stabilisers and contacting the 
resulting freese-dried product with air or a gas for a period of 
tine. 

IS. The eethod of dales 16 and 17. in which the water so- 
lution of file foraing lipids also contains viscosity enhancers - 
or stabilisers selected from hydrophlllc pel years and carbo- 
hydrates in weight ratio relative to the lipids comprised 
between lis and lOOil. 

19. a dry pulverulent formulation which, upon dissolution 
in water, will fore an aqueous suspension of alcrobubbles for 
ultrasonic echogrephy. characterised in containing one or eore 
file foreing surfactants in laeinar fore end hydrosoluble stabi- 
lisers. 

20. The dry f emulation of dale i». m which the sur- 
factants in laeinar fore are in the fora of fine layers deposit- 
ed on the surface of soluble or insoluble solid particulate 
eater lal. 

21. The dry forealatlpo of claia 20. in which the insoluble 
•olid particles era glees or pelyaer beads. 

22. The dry foraulatloo of claia 20, in which the soluble 
particles ere aeda of hydrosoluble carbohydrates, polysaccha- 
rides, synthetic polyaers. elbualn. gelatin or Zopeaidol. 

23. The dry foraulation of claie 19, which coaprises 
freese-dried llpoeoaes. 

24. The use of the injectable coaposltion of claia 1 for 
ultras nic ech grephy. 

25. The use f the inje table c ap sltl n f claias 1-10 
f r transp rtlng in the bl d-str aa or b dy cavitl s bubbl s f 
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foreign gases, active therapeutically r dlagn stically. 

26. The e op siti n f cleia «. in vhich the surfactant 
coaprlses. bound thereto, bloactlve specie* designed for 
specific targeting purposes, e.g. for laaobiiiting the bubbles 
in specifically defined sites in the circulatory systea, or in 
organs, or In tissues. 

27. The coaposltlon of claia 4, in which the surfactant 
coaprlses. bound thereto, bloactlve species selected froa aono- 
clonal antibodies, antibody fragaenta or polypeptides designed 
to oleic antibodies, bioadhesive polyaers, lectins and other 
receptor recognising aolecules. 
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organic pdytnor snvelope which can be disponed or 

oni raetof and umftm appOoattofie or far Injection 
Into Miiq being* far Instance far the purpose of 
•^ognphy end other 



The tawendon also oomprioee o method far mok- 
bi6oMinimteloonolntfiodryototo.ttiol«ttvbo^ r# 
irwtonfly dtepersttte In an aqueoue IquU center to 
gtosuepenolonew«h Improved properties over extt- 
ing sMsr product* Hence, auapanslona of tha 
mlorebs fl oo ns In a carter Squid ready ftar adrrtrw* 
MIonaraataopaftarthainvaridbfi. f * 

It* w«0 known that microM^ 
of Uror a gaa, tug, microspheres (Oca microbe Use or 
mfaroboiloone, sus pe nd e d in a liquid «e 
•napdonaOy eflldsr* trtasound rtflaotea far 
echography. In Ah discfocure tha tarm of ^nicrobub- 20 
W spocfficaOy designates air or gaa mJereapharaabi 
sin p o n s lun In a canlar liquid wtricft gonoraly rasrt 
•om ttia kttoduetfon thereto of air or a gaa In dMdad 



otfyMnptafato gaa; or adding an add to (a) «d a 
<artartato to (b), both oo mpun a, da bcfeg triad 

teO^ M<bafawtaaandlrtoactor»acdngwtthma 
Mrtontoa 10 ganarato CO, bufoWaa; or adding an 
W~rt»d ^ a mfa*j» of (a) and (b) under 
•tonga, said gaa Doing relecsed Into nferobubbles at 
tha tfma whan ma nton la uaad far Ir&Jsctfon 
^Ona prodain wfth nttorobubbiao la that they am 
0«»Miy «hofMrad avm li tha praaanoa of atabft. 
an. Thw, m £P*>131.540 (Sehorfng), there la d* 
ctoaad tha praparadon of miaobubble auapanaiona in 
whic h a ** **** Injectable wrier Squid, e* a 
physiological aquaoua solution of salt or a solution of 
a sugar Oka maftoeo. daxtrooe, laetoaa or gdactoce, 
la ntod wth solid micropartidaa (In tha 0.1 to 1 
nnga) d tha sama augara containing snfrappod sr. 
In ordar to develop tha suspension of bubbieo h tha 
^uUwrfar, both liquid and odid components are 
•^sd together undar stsrte oondltiona far a f aw 
seconds and, onoa mads, tha auapsnaton must than 
ba uaad knmadiatary, Lai t should be injoctod wttiD 
^lOmfa^fartc^oymp^fcmaascranw^inda^ 

hdaraliatoaa Mm kJ^lu — ~ , . ^ 



— — . • v** Mnmw sacauae mo iwjroee m avaneamtf. tfta 

or ajnsme to oonra the surface properties snd the as aftor that period. 



/ofeMbubttelnthemlcro6ub«)lee,thegaa 

to liquid Interfe re ssseii tfa lycofitorfaaelooeaJy bound 
"dta*tecdthccafTtwQquad. The torn 
euV or Morofasfoort* deeignatoa prafaraMy * or 
^bodlaawimsfT*arid bounds or snvalopa of j» 
J i other than that of the carter nqufct a 
■•I. Batti mfcmbubMw and 



Far tratuca k^tebng into tha Moodaftaam of 

« U ip , M iO n > OT 880 IHlCWBUfcM— or 

(in Mo ranooofO.8 to 10pm) kite 



tmaolno , Mm itfng to ftp rtaiiatrriUnn of rtamal 
oroana. imaging of »a u a T and Moral organ, cm 
■a^yhol phiBoa ^oTognoo^farlnotincolytho 
1 of cardtowaaatfar and oOtor dbooooa. 

iln 



AnodW proUotn w«h mtarobubbloa tar 
•ehoofaphjr titer Injaeaon io aka. Aa cowwtfy 
•dmn* mtaobuMM of uooM ate «or otowtng 
•ay Mar ftrouohanaf btood vomoIo rango ntm 
•boutOJtolOtiiiKtMMianjarbiibblo^tharaamnte 
of otod and eonaaeuftVa omtoly. For Inatonoo. in tfia 
bubMo autaomiona dbetoaad in U5A1.l<n.«l 
(SofMrkig)inwlMaqu^soiutl(mcrfaurtetantt) 
•uen aa toeflMh. oatam and othara of (any aoioa and 
Mty alccholi w» potyoxy^ftytana md pdyocyatty. 
(Mad polyola to aoitiel. olyools and Qtyearai. 
^"•wi » POlroKjNdiylanapolyoxypnwyJona 
pefyman. araviporeuaVchakM w«fi aotuHoniofvia- 
nMakipj and atabUno eompoundt auch aa 
and potytaoenartdaa (glueoaa, laetoaa, auo> 
loaa. damn. aorMtol); polyeto. gtfemi, potyo. 



• of a 91 

In fl* iquHL or by • 

1 product* or by admbdng «ah m 
OquMaolida^ariranlubtoaaOdaoonto^ 



oaypolyBaWta and ptaama protein. onlyaboul80%of 
9m miorobubbto am batow 40-60 m makaa 
unaurtobJa In many achog rap h te 



Far 



ta USAM«a,M2 (Scharhoi, 



• (aunactord) in a canlar Bojuld (i 
(b)aaohidonofavl»MORyardianoaraa 
flanwadna «m bubbiaa. tha taohrtauaa 
B^kKludafareft«atMaiivaloclya 
(b)and«y9irougna«nal«parttfa:or 
baa (b) ahenry batera uaa togatnar ««m a 



of a 

i) and 
.For 



i oavatepad In an anampt to euro soma or ttai 
Aa aakj barora. wMa ta 

■ajaaMMalai ilalataw — * hut — * — * « ^ 

mm waioisaa ony nave an ffnnvsBanai or evaneeoont 
► La. they em only atmounded by a wal of 
i ovnaaai ■ oa«ag moossQ oy w 
a ndorobawoona or mtao* 
i have a tangJbie snvalopa made < 



nvonawucai 

oMajaa^aja. oi oner wmbbV Bwjy wn usuusfinsfaB or 
I In whiflh the air or oaa la mora or leee 
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For Inateneo, U&AhU78J8S (Tkfcnaratal.) da- 
cioaao uaing iuCm immbnni mfarocapauiao coiv 
tslntnQ 8 goa tar anhondng uteaaonJc tmogao* tho 
uiambrona tndudng a mutipOcfty of noiHoaJo and 
noo^ndganlc oigantQ motacUan In a (fiacfaaad 
anvooman^ tnaaa) iimuuuudomb navo a gaonn 

mambfOna Which (WMl COOiOOCanca and thotr PTB» 

faii*4abvfafr10|BiiTfcomambnnoofttMaofita» 
bubbtoo la ttJd to bo aidflolandy attblo for mafdng 

that after o poriod of ttmo tho 900 onboppad tharaln 
wf dfaaofca ki tha btoo+oboom and tha bubbiaa wl 
groduafly dlaoppaar, tMt baing probably duo to ilwtf 
dteofajtfcn of tho galatfn. Bofaro um, tha mtorecap* 
aulao oro kopt In galatfn aolutfono In which thay aro 
atomga atebla, but tho gitalin naodo to bo hasted and 
malted to bocomo liquid at tho tfma tho auiponaton la 
uaad far making InjactfoiL 

Micraapharoa of Improvad t to ro g a ttabtty 
atthough wfthout 0*0*1 aro d actoiad tn US-A- 
4J10.433 (FafnatoJn). ThaM microapharoa art mado 
by aonlootfon (8 to 30 RW) of vtaeouo protein aob> 
ttona Ota 3% oanon albumin and hovo damten in 
tha2-2Dpmranga,maitfy£^^Thamicroapharaa 
an atablbcad by donatu*Uw<i of tho mambranofuuw 
Ing protein after aonicatfon, far Inatanoo by uatog haot 
or oy cnanocai ma a n a, avo> oy raacaon wn raniw* 
dahydo or gl uterold ahy d OL, Tho conoanbtfton of 
obuw monapnaraa oovamaa oy uoa vonraqjuv ■ 
•aid to bo about 8 x 10*rt In tho 2-* pm rango, about 
1«M In tf» 4-6 pm rongo and laao than 8 a 10 8 In tho 

pm rangai Tho atebfty tfma of thaoo mloraa» 
pharaa la aold to bo 48 hro or longar and ttoy pannft 
oonvonlant loft hoart tmoglng attar kibovanoua Infao* 
tton. For Inateneo* tho oonlcotad aibunln n a wiubub* 
ohm wnan b^mkdm iw a puv^xiara im «i capanv 
of Uanapidnunoty poaaoQO* Thai reatfte In a ch o ci O N 
oograprac upaiiiiiBuuii or ina mn ywnsnam cwvy ov 
wafl oa myoGardW tfaauaou 

Kaoonay aoo iwinar anprewu mowauoona ior 
btjacflon tdboaonlo achography hovo boon foportadbi 
EP A 324.JQ8 (Wlddafr In Mi dooumaot thara am 
iJlarfnaod Mgh oonoantadona (mora than 1CP) or aa^ 

pfii which haM-UVtimoa of aavoral moiUha or mora* 
Aquaoua auapamlono of tt iaao mtan ba floon a aro pre» 
duoadbyiitrmao*CBvta8onofaoluttonaofd 
ablo protalnOi ol^ human aanon aftumax which 
opantfon alao loada to o dagraa of toomaig of tfio 
mambrana^Bimlng protalfi and to aubaoojuant ha^ 
dantng by hoot Othar protabia auch 00 hamogfobio 
aidocrflagaflnaaUtDbooonviniantatoo. 

Sfll mora naoandy tAAi Whoadoy ataL, Blomoto* 
riaJo 11 (1800), 718-717, havo roportad tho propo- 
fodon of pofymaMOOtad iiduuapharaa by tenoOopte 
gatodon of aigfetaio* Tho nfaionoo mantfono aovonl 
taohnlojuao to ganarafea tho m l ci ocopoUoos fet ono 



cooo an alginata aoiutfon mo farood through a naoolo 
In an %k )at which produood a apray of naooont air * 
lad eopoutoo which won hordonad In a bath of 1^% 
aquaouo CaQ» In o aocond oaoo tnvoMng oo-oxto* 
•ton of goa and liquid, gao bubbloo wara Moduoad 
Into noaoont oapaidoo by moono of 0 btplo^aiolod 
haad.lcairw«lnioca^tntDacafMca^ 
whlo an alginate aoMon woo faroad through a avgar 
tuba a nongod ooaxiaOy wih tho capOary tuba, and 
ataiio a* woo 8own aramd tt through a mando our* 
raundfag tha aaoond tuba, Alao In 0 thbd oaao, gao 
wao trappad In tho al gi nate aoiutfon bafora apraying 
athar by uaing 0 homoganabar or by aonicadoa Tha 
mtoroboHoono thuo obtaJnod had diamatari In tha 
ranga 3(V100 pm, howovar atfl ovarvlzad far aaaly 
paaaing through lung capalariaai 

Tho high atamgo atabity of tha suapanaioRa of 
microbaOoona dladoaod In EP-A-324^38 anablaa 
tham to bo marteted 00 auch, Lo. wlh tho Qojuid carrtar 
phaoo, which lo 0 atrong oonvnardal aaaat tlnoa pro* 
paratfon bo faro uao la no longar naoaaaary* Howavar, 
tha pfoteln material uaod In thia documantmoy cauao 
aiorgonio looottono wth aanaioVa paflante and, 
moraovar* tha asoYamo atnangth and itebtty of tho 
mambrano material hoa aomo drawbaefca* far InaV 
anoo, , bocouoo of thairrigkffiy, tha mambronaa cannot 
tuataJn auddan prooaura voslotfono to which tho 
mlcrbaphorao can bo aubjacted, far fc ta ta n oa during 
Uavai through tho MoooVoboanv thaaa voriaSono of 
praaauro boing duo to haart pUaatfono. Thua, undar 
pmrtfcai Utraaonie teate, 0 proportion of tho mtaoo- 
pharoa wal bo ropterod which mafcaa Imaging rapio* 
ducfaWy aaaiwajd; alao, thaoo mtaobaloona aro not 
aultebfo far oral appOoadon ao thay wi not watrtttio 
dlgaafKo onzymao praaont In tha gaabobtteatlnaf 
tracL Moroovor, 8 lo known that mtaroapharaa wtth 
(lasdblo wwla aro mora achoga nic than oomapondlng 
rracroopnorao wan ngn waaaL 

Furihaimora, In tha caao of Injacttono, axoaaofvo 
atabttyof thomatertel fanning tha wola of tho micro- 
apharoo wal afaar down Ma bfadogrodation by tho 
ofgoiriam undor teat and may roaut Into matebcoV 
zidon problama. Honoo I lo much prafarablo to 
davafappraoo«iuate«^mk«bafloonibour^ 
byoaoft andal aaOc mamtw which can temporally 
dofam undar variodona of prooauro and andowod 
wtei aidinnoad aehoganiefiy; ateo 1 majm bo 
vtouafead ttat maao^aloono wlh oonbolabio 
btodagrodahlty, far Inatenoo modo of aauJ panno 
abfto DtodagrodaMo pob/ma ro wtti oonboiad mloro» 
poroatty far at*** alow ponatrodon of bfalogiool 
tlqulda. wodd bo highly ooVontegaouo, 

Thaoo daatabte faaturao horo noor boon 
aohlovod wlh tho mlcrobaioono of tho praaart bwon- 
don ao doflnod In dofcno 1 and 2, and o^aaguatt 
otafcno. Morooror f o8hough tho praaantmloroapharoo 
canfl^naioiyboma^rala^ihorW^lo>ay 
capta^te b i od a g r ada tfonteoopowthb^farogoing 
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i preblome by urine ■^■ffttd typoo of 
> Qehich to actusfly controlled by 
•) to nets commercial drew, 
i e*her the miorebefloone can ba stored 
and shipped dry, a oondtoon In which they an stable 
ftndoHnlefy, or tha membrane can ba made siihslM>» 
to tha cantor Squid, degradetton 
I to oow city aftor to jectioa In the flrtocaoe, 

wth a p roportion of an 
, thto proportion being 
tod depending on fce ncads. Note that thto to on 
edvantogo over tha prior ait products 
i tha concentration can ba choaan at wsl and 

tor exceeding tha aforementioned 1$ 
104M,LoLtotherange10'to10",orereactyac«c*s- 
Uol 8 should ba notod that the method of tha Invaiv 
flan (to ba dtocfcaod hereafter) cnsMss to control 
porosfty to a wxis extents hanoa mtcroboOoons wfth a 
subetonSsffy Impervious membrane can ba made so 
aaoly which aro stable In tha form of oueponsJons In 
i Oqukto and which can ba msrketod at ouch 



ww momotanee oi fusnsGenry 
i poiymers as oonnoo m aam i# onnougn «i 
tha stole whore thoy aro flBed wflh li quid , oro wal 
known in tha erL They may nmuiaty result from tha 
ansdsfloatfon into droplsto (tha scsa of which to exsv 
bailable In function to tha omisiflcstion psrsmstofs) 
of a flraft aqueous phasa In an organic solution of 
polymer fofloapod by dispersion of this omdoton Into a 
aaoond wetor phass and subooquont avaporetion of 
the organic sd vara. During ovoporeUonof thsvdatle 



lato boundary and ferme a mlcroporouc membrane 
bom tha ouroundtag 




onvera not mscssa 



va paqpmsr w lasuBa m ma nyvupnouv 

•ndtw 




or sen uariausay i 
onsen or ma anusiaa nyvapnoon 
of tha < 



Thto technique which to 
n me preaani srvonuon ■ 



byK.Unoot^lnXMtoroancapsu1ation1 (1884). 3-8 
and IC Maidna at cL, Chem. Pharm. But 33 (1M4), 
1188-1201. As said before, tha ste of tha dropieto 
can ba controlled by changino tha emidftcation pc#> 
cmotora. La. natoro of cmdsMor (more effiecbVethe 
surtootont La. tha larger tha hydrophlSe to SpophOe 
botonea. tha smalsr tha droplata) and tha storing co*. 
tfWcm (taster snd more energetic tha ogtatfon. tha 
smsfor tha dropls to) . 

to onothor verier* the tntorfedd wal forming 
pdymer is dto o d vod In tha atartfng hydrophobe 
phasaRasftthsUtttsrtosmulsinadlrtedroplatslntha 
squaous phasa and tha membrane sround tha drop- 
lsto wfl term upon subssqusnt avaporetion of thto 
sncapautatod hydrophobic phasa. An sxampis of thto 
to raportad by XR. Fsmand ctcL. Powder Tcchndogy 
22 (1878), 11*18 who emulsify s solution of polymer 
(eg. polyethylene) In nophthdeno In baling water, 
than after coding they recover tha naphthalsna in tha 
term of s suspension of polymorboundadmtorebaacto 
in ccM watsr snd» flnsfy, thay rsmova tha 
naphthalene by subjecting the microbeads to subO> 
motion, whereby 28 pm microbaloons are produced. 
Other examples exist, to which a pdymsr is dissolved 
In a mixed hy d r op h ob i c phase ou ii ip i tol t g a vdatfla 
. hydrophobic oiganie sdvant snd a wster-eduble 
organic solvent, then this polymer solutton to em* 
sfied In a water phaee containing an emutoltor, 
whereby toe water-soluble solvent disperses into tha 
water phase, thue sidfaig In tha fevmadon of the ens^ 
ston of nicredropJeto of the hydrophobic phasa snd 
causing tha polymer to predpftsto stthe intsrfscsc this 
Is dtodoead In EP-A-274J61 (K FesaQ. 

Tha aHoramemloned techniques can ba adapted 
to tha preparation of air or gas fled microbefioone 
su8sd for ulbaaonio Imaging provided that approp> 
i ere found to control sphere size si the 
s^tisi permeab8Sy or Impervious" 
and replacement of the encapeulatod Bquld 
phasa by eir or a sdsctod gsa. Control of overs! 
sphere etoa to obviously important to edspt ths mtarc* 
beBoons to use purpooca, La. Ir^ecdon or oreJ intoksi 
The stos oondtoons for btfsdion (ebout OS • 10 pin 
average stos) have bean di sc uss e d previously. For 
oral sppflcation, the range can ba much wider, being 
ooneajerea siex ecnogaracay 
heme microbeloone In several 
say 1 end 1000 m cm ba used depending on tha 
nedds end provided ttia membrane Is etesflc enough 
nottobree*di^tranettotheetorTaKhsndlr«a^ 
ontrd of cefrwaf permesbtty Is bnportont to 
1 met 111BBIMI ay ina isjogbumj ao^eKaai 
1 to abasnt or alow enough not to fcnpalr tha 

luramento but In < 
to crews relabVcfy 

y. La. ready mstsbdtrstton of the suspension 
by thaogsntam. Also themicreporoue etnictoaofthe 
m ic ro bs M oo n s e nvelope (poroe of a tow nm to a tow 
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hundreds of nm or mot* tar microb*oor» enveiopeo 
of tfilBhn ■ ■ ■ imngfcig Iton 50*00 nm)Ht toy of 
ft I* too mfaoophomo gu reodfy accept 
rtadone without bmktnQi The profaned 
i of port etzae to about 9*2000 nm. 



in dabne 17, 1$ «id 



Smmmmm^m^mm* *- « - - ^ ^^wj * » 

uiuii wisBnonaoMO vtuisui tnopormoooi^ 
•^p of the miorebodoono membrane to tho rate of 
fviponm 01 mo nyoropnooK pnaoo rwovo co rat 
of water in stop (4) of tho method of dolm 1 7, e* 
onderoondtoorstf toon drying which to too cooo of 
tho ombocftnoflt rec it e d in dahn 20> For I neiamo ytho 
t to canted out between about -40 and 0*C 
i to uoad aa tho hydrophobic phaaa, pdy*> 
being toe Intoffodafly dopooftod polymer, 

I WW I fOMDVOty WyO pQTOO STS OOHtnOQ, uwB ■ 

oo becouoe tho vapour preeeure of the hy4ocorbon 
to tho chooon temperature range to eignMcenfly gvtv 
alar than that of water, which moans that tha prosouro 

k^^. 1^ ^— ^^^^ — — -J 1-4 — 

yamvan ino nana ano oum or ow 
I land to Inorsaeo tho stos of tho por wo ki 
i membrane through which tho inaido tno 
I bo evaporated* A contrast using cydoo^ 
ho hydrophobic phaaa (at •IT'C tho i 
i to tho come oa that of water) w 
i wtoi very ttoy poroo baoauaa tho dWsronoo of 
I* and auMdo of tto 
ibmMmetad. 
i of porooty tho miorobo^ 
i thto Invention can bo made atablo in on 



anri ntoo le w ifriri M o ochooraoMe afemfta lor a Imm 
I of tone. Aofcaly, depending on tho pofyinor 
• ttie membrane of tfta ntiooboHoono can bo 
fcnporviouo whan auapandod In 
i of appraptato ornate prapvtfM. U. 
h appraoriato aonentafena. R 
I to neM But Vm «Mmoo of mferepoiM In 
of tte i rtcrobdtaon , of ffw 
to to m 



ion la nottoioojn but! con bo 
• goo to to rooononee In a 





aa propyl and tooprepyl butyrato and toobutyreto, bu» 
tyMomta and tha tfco. arw aiao oonvonian t In thto 
range. Another advantage of toaac drying to to ops* 
of ogee instead of*. 
Mod mtareboOoone wl result 
tauchaaCQ^MA 
haihan and other m gaaaa am 
f con be 



re Aa tho votaOa advent inaoiubio In watv to bo 
uood for dtaodvtng tho polymer to bo prociptated 
Int ar tado Py, one con dto hdfcvccmpounda auch aa 
CO* CHfBr, CHjOfc chlorofefln, Freon, low botog 
actors auch aa methyl, ethyl and propyl acetato aa 
1$ wolaatoworathafaandkatonaaortowwataradub^ 
Illy. Whan advonte not totafiy Inaoiubio in watar ara 
uaad, a.g. d to thyi athar . It to advantagaoua to uao, so 
tho oquooua phaao, a water solution sabntad wfih 
said solvent botmhand. 
» Tha aquooua phaaa In which tha hydrophobic 
phaaa to emtolled aa an o!4n-watar emtfon pref* 
eimbiy eontolno 1-20% by weight of watoMolubto 
hydrophOe oompoundo (Bee sugars and poiymore as 
stohBiei Ot e»g» polyvinyl atoolwl (PVA), polyv i nyl py^ , 
n mMoM (PVP), petyvttiytoM giyooi (PEO), oatofev 
potygbitontlo eddL slbuwiiv end pofyaaocharideo 
i daxban, agar t xanthan and 0io Oca. 
naaao can bo uaod aa too cenier 
QeMd In which toe miorebtfoone ore euependod bet 



Pert of thto wotsr>oolublo polymer can remain ki 
tha envelope of tho mtaraboOoono or 1 can bo 
removed by washing tho beads before subjocttng 
them to flnsl evoporatton of tho enoapeiriatad 
hydrophobic oora pheoe^ 

Tho omuieMere to bo uaad (<X1-S% by wolgM) to 
provno Die oonrrwasar amuwuii ovmo nyoropnoDa? 
phaao In the oquoouo phaao tndude moat physiologic 
csfly aooaptabla emuleMeret tor Instance egg todMn 
or soya ooan wcanav or aymnooo tocarana avon aa 
I syiaiiaoc leGmane* lor a«aiii(M» oanyrwyi 



cncwia or onooroyj pnoap n e n oyi ctwim orunoaop 
ratodeynthod o io cW ns^suchoodhioyl p^^ 
cnouno or oanoieyi pnoapnaooyt cnouno. biumwi 
aleo Indudo surtactanto such ae too totty actoe. 
eetsm of tatty odda wth potyoxyeftyleno compounds 
Oka pctyoocypropyiono gfyod end pdyoxyethyleno 
glyool; ethers of tatty eloohoie w0i pdyoocyelcyleno 
i of tatty oddo wtoi potyoxyaficytated 
; g^yooroi-polyettcyleno stoaratos 



^% 9* w« wnaaiyMiap«na^ 9^ai|S* 
xyten% 2^nettiy^24tepteno9 



'olMwriH fiyifeUQtml 
•(ton m* «Im of mmtom or oft* i 
wtoi ta^y odde» tal*V *deohob 
b o o i Mu ti Uui i rf » M < <y »i»ii*i» t o »w1 ; mnno .d>ondt» 
lyetiMoo of ottnM or unnimM frtjr oeld* 
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Tho pofymor which 



9m onvslopo Of 
of tha ln{*cUb<a i 
9om most hydnophO** t 
oompodblo potymoro. Among such 

4*JJ^ * ■ * *. „ 

■n ov porysoocnanoaa or low \ 



pofymoni li 



of 8»pn> 



may wish to ovoid using mfcrebaloona mado of 
notunf proteins (cOunta, goiadn) Sko In US-Ap 
4.276J88 or EP*421938. Odtsr autabto polymam 
mdudo porHormo)ostoni (mo tor tatanoo USA- 
4,081709; UfrA4.131.648; USA-4.13&344; USA- 
4.180646); pofytoctfe and pofygrycoUe addand*a*r 
for tnatonos OEXON (too X Hollar. 
1 1 (1960), 81; pcryflXlodMs rn 8 cap 




» potyhydrexybutyrsto; po9ydtox*» 
nana; prfr B arnitwiiafaiiaa (Polymar 23 (1962). 
1«S): prt y phnnf miM (t da n aa in (1976), 
1214): and pdyanhydrttaa. Rataaneaa on btodaa. 

bafaundhRUnoarataU 
. Cham. Pnya. CB (1913), 6V128. My*, 
aueh aa pdygtutamio and pofyajoartto 
toobauaadaiwal«MaarfcaaVai,La. 
i wtt lowar aJeoMa or ajyeeta. On* uaa. 
aaampta of audi potymam la ady«(Lbulyt4uB> 

aucnaa 




-fft«CmCOtft»CHXCOV 
iXrtiilgiialiitnaaMa chain of aa< 

>drtA»a4ra*softanrfa<CHtl£MWR*> 

0CCR(D},wttffandR?baingHwto«watyta,an4 
R batog aft* or •* or R and R« ara 

*• 

eabartoi 



0) 



•(DUyC0(HHO0(C0)bNKCH(000H). 
WiUPOOM (*) 
and ooRMpondbiQ anhyorldao* In ai 8tsi 

n,maiidp an loworttsgarsM 
xortymotoolntogonaoo^ 



Tho afo rwmo nau »d pofymoni art auftabls ft* 
mating ndnmh oBoui la according to tfio Irwonttan 
tnd. ^opondnoonM nat«crf«jb«ttuantoR,R\Ri 
*wdX8io pi^ o n1 aaof6»otiia mb nw 

*«ng8i. atoadc* and btodog. 
radaMfty, For ktatanos X qui bo modiyt (aianinok 
(v*^), iaobut* 



of 8io 



o*i bo lnoo*oratod Into 810 pdymar 
to mod* tho physios! 
losdctyandwator 
Jf. For inoorp o i alim In 810 polymor. 810 
can bo dh ao f vo d In 810 pofymor carrying 
pnaao. o^ 8m hyo>ophoblepnaM 
tho wotorphaao, whoroby8>oy wfl co*n*pftattwi6i 
tno pofymor dun^taar^^ 

Among 810 usonJ addttvoa. ono may ctts oonv 
poundo whldi eon "hydropilobte" 810 mfaoboOoono 
mombrino In ordar to dooraaao wotor pormosblBy, 
^••^waxoaandNohmdaciiayww^^ 
rocaAono. Addfeoo which Improvo dltporatDOy of 
8io miofoboMoona In 810 Injactablo liquid cantor ana 
1 flko 810 phoaphoqpida; thoy 
r pormaaMay and rata of btodog. 



poiymora for maldng 
tobauaadnbtotfaaatotncteanba 



Mw iih UiH potymam induoTng potyof. 



(1 



f X potyoatars (pofycarbonoto), 
potyuoo and 8*olr oopolymsnL ABS 

)m\ al mmmmmmtmm^t r nnnli « mm- 
m m prwionoQ ooporymor* 

nambnmalaaoctym 

{ho Ittpropyl myriatato and tho Uta. 

by pofym* 

am atin to 610ft of 810 owrtro ttssff bu wtt raia- 
tK*y km motooular wotft. For tatann whan t*ng 
of polytortfc7r»o*yghfcoic typo aa 810 
mo pfoparaao or no 
ba modOad aavantaaaoualy (ann* 
id Wnrtagrailabali) by boorpon*. 
tag, at adcBvaa, tow motocUar wafgM (1000 to 
18J300 OMan) potyalyooadai or potyiacbdaa. Atao 
pctya»yla>w^yaalcfmodaiatototowM.(a»P6a 
2000) hi • uaaM aoftantoa addHva. 

earperaladlndto 

mmUM^§ %nO IWjniPOiy 



on 810 



about 20% by woight of 810 



1fco f rJii^iWi mifffritiolQiwo of 810 praaanf 
>canbooa^dryh8topi^n«orln8to 
1 of oddM*ao to bnprovo < 
aananoa. Aa addBJma 
from 0l1 to 28% by woiQht of waloMolubtophyaioloOi^ 



« 
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i aa manntt, gala*> 
i or hydvophlic potymaca (to 
ft stareh, PVF, pofygbatamlo 
(PVAX atbumto and 9*4*1. 
Tha uaaM Ofrftna of to mkrobaioona in to (*aoft. 

1 Lou tha pariod during whiob 
paphlealgnalaarac 
traflad to last tan a faw mlnutoa to 1 

ion tonaad^thtooanbadonabyoontol* 



Tha Mowing Examptaa LTuafrati (ha Invanoon 



canbaootv 



oftoi 

wart cantor Squids to; 
1 of a law nan o m a tom to ssvaml hum 
dmda of nanomatan* TWs dagraa of poroaity oan ba 
contraflad. In a rttlHnn to propariy salacdng tha manv 
biana fanning polymer and pofymar addMvaat by 
a d frw tfn g tha svsih h ilhwi rata and tamparatura In 
atop (4) of to mated of dabn 17 and property 
tag tha nature of tha compound (or mbctufe of ootfv 
a) oonsdhjtbtg tha hydrophobic phases La* lha 
Aooa In la paitW pressure of 
1 will that of tha wpator phaaa* tha ooarear 
to pom in to mlorobaSoona membrane wfl ba. Of 
i ay MMoaon or sna nyorapnooio 
1 oan ba ftjrther refined by tha choiooof slabitfr 
aiawBy wyw aj gia ou i Kj a iig aDongwaoiinoraar 
to oonfeel 9ia rate of water evaporation during tha 
tbnntag of tha mforoboQoonc. AS 1 
aamadaby 



1 of Ma Invention can ba maricetod In tha Ay 
1 pnouny wnan ray an oaofgnoo win 
mar v^aonv a may sa oaanna 0 
preparatfono, 1a suspe ns ions of 
1 In an aquaoua liquid csnfsr reedy tor 
•tycctfoo or oral adtabUstrstiofi TNsrequlroo tot tha 
of to mtaraboSoone ba 
1 (at ieoatftr several montha or more) to tha 




Ona Qram of polystyrene waa dtaaorvcd In 1 9 g of 
nqutd na p h to lana at 100*0. Thii nap hth rto n o aol-> 
tfonwaaawiia«adat9MS^inte200trtofaw^r 
sdutton of polyvinyl stoohel (PVA) (4% by watftf) 

19 oontafctag 0.1% of TWecrMO amuMAar. Tha ami- 
•tying haad waa a Porytan PT-3000at about 10400 
rpnt Than to cmuieton waa dlutad undar agteta 
wih 500 ml of to aama aquaoua phaaa at 15"C 
whereby to naphtolana droplets soUdVlsd Into 

1$ baadioflaaa than 90 »mi aaaacartainad by passing 
through a SO |im maah aoraan. Tha wapanaion waa 
esntrfugetod undar 1000 g and to baada „ 
waahad wih watar and recontrflugctod. This stop 1 



iSandd* 

I poiy^DC^aodda) potymore from tha Company 



Tha baada wara faauapandad In 100 ml of 1 
w«h OJg of disserved toctoce end to 1 
waa taan Into a Mock at -30*0. Tha Mock* 
altar evaporated undar about OU Toir I 
about -20 and -10*C. Air filed micrebaHoona of i 
ago stoo 9»10 urn and < 
obtoinad wMoh gswo an achographie signal at 228 
and 7 J MHz altar baing dispersed In water (3% dto- 
paralon by woighflu The sfshWy of the microbsfloons 
in to dry stole waa aflacdVa tor an MafMa period 
oftftna; onoaauapandad In an aquaoua caniar Squid 
to uaatU OftMfcm fur achogiaphy waa about 30 min 
or mora* Polyatyrana baing non^todagradabfa* this 
maufluj waa nanawvu mr njacDon aoiograpny duk 
waa uaalul for digaatfva tract InvastfQBflona. Thii 
Exampla daarty aatabQahaa tha fbas^Dbf of tha 
mnnoa of ma aiwnuoni 

Ew5ja2 

A SQ&O oopotyvnar mbcbn (OJ g) of 0C4acdda 
andg»yOQada(OuPontMaaaorb)ond16mgafagg- 
va dtoaoNad in 7 A ml of CHO, to gVa ad- 

a : m _ 

A ictuBoH (2) eonWnkiQ 20 riq of pmflfeHMR 
(IIP. Si WC) In 10 ml of cyUood a w 
wMpnpwdand«nuMtodto180inlcftMtVM^ 
uflan (p.1S% by wdghQ aT Pknnto F-100 (• Ho* 
oopofrnw of «0iy««w add* and praeytom ooddt) 
oocMg Me 14 9 * CHCfc CmMlo*9en «m 
wiMoutatreomtHi«aratM«arlR*i««itPalyt> 
ran hMd at 7000 rpm. TTmii nMian (1) «w addad 
unlaraslaDon (7000 ipm) and. atarabout 3040 aao. 

tt» muWBar haad waa nptaotd by a hafleal agRtfor 
(SOOrpra)anda^ waaco ntinuad«oraboU3hni 

mnam tampaiatura (22*C). Tha auapanaton «aa 
i a 80 ian aoman and ftoaan to a Mack 



VG undar NgfMaoiun (eatthbig ttap 40 to ••O'C). 



T 
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Thsra wara thuaobtelnad 0264 g (88%) of aNKad 
mterobaioorts in tha dry state. 

Suspanafana of said mtaob aOoons in water (no 
s tob fea n ) gm 8 strong ach ogr aph l u signal for it 
tsast ono Hoik After Infacflon in tha organism.** 
bfadsgndadtaatawdpya. 

§23*03 

A sol u tio n wa s m ada using 200 frt of teb a hy d w ftj. 
ran (THR, OJ g of a 80*0 DUacdda/tfyoaOda 
cn p ufr ii (Boahringsr AQK 80 mg of agfrlacHhln. 84 
mgof p ai 8l l tH s 8A and4irtofoctBna,TOssdutto 
wassmutalflad by adding tfowiy Into 400 mi of a 0.1% 
aquaous sdutfon of Phjronle M08 undsr haflcal ag»> 
tattoo (800 fVpjn.X Aflar sdnfng for 15 irfn, tha irtfky 
dfcpanlon was avaporatad undar 10-12 Tow 25»C In- 
a ratavapor utif to vduma was rsduosd to about 400 
tnL Tha rt to p a rsln n was sisvad on a SO pm grating* 
than t waa (taaan to «40*C and frsaxa-driad undar 
about 1 Tom Tha raaldu* 1.32 g of vary fins powdar. 
was talran w ith 40 tri of d irti ed wa tar w h ich provided. 
^3^ofinanualagaatfeaavaryhomoganaoua 
dhparston of mtarabsBoons of avaraga ate 4J pm aa 
maaaursd using a partda analyxar (Mastarsfcarfrom 
Mtfvam), Tha eonosn&nflon of mtarabaloona (Coul» 
1st Counter) was about 2 x 104M. This suapenalon 
gam sfrong echographte slgnala which persisted lor 
about 1 Dr. 

f to tha preeent example, tha add*** to ma 
mambrana pelymsrare omlted, La. thara la uaad oriy 
BOOmg of tha tacddaWyeodde coptfymertotheTHF. 

moebOy ta oboorvad, tha echogmphle signal of me 
dispersion in ths aquaous osrrisr not baing signft> 
andyaasnuatedaOsrSdaya. 

Uatng tnterme da to aunttea of addMvaa pr» 
vfcfod baada wbh conMod intermedtele porocXytnd 



T h aio ' aao w a d Is this Example a polymer of far- 
oada dafoed la otebn 8 h wticfi tha aide group haa 
faraada 00 whom W and m am hydrogen and R Is 
tariboLyt Tha praparadon of tMs potymar (daanad aa 
pafrPOIgQ) is daaortbad ta Ult A 4,888.3981 

Tha proosdure was Ota bi Example 3, ualng 0.1 
3pa**OMEO,70fldornw', 1 odof cydooctanecnd 
10 0ai^a ai% aqa^ aobi8onofr%aardcM08L 
No laoSNfi or MglMiiolocuterwelght hydrocarbon waa 
added. Tha inly smuislon was ev ap or a ted at 
STGftO Toar una tha raaidua waa *aut 1 00 rt, than 
lwsaacraai>adonagOtiinmashsnriluiaaCvapos 
a8on of tha than t*x* waa oarrtad out <P*1 Ton) 
unfl Tha yWd was 0.18 g baoausa of tha pre- 
oan^^aurhctsiCThwwaadhpsjaadlslOirt 
cf Atfsd watar and counted wth a Couftsr Counter, 



Thanw88 ur a d conoanb a8 onwaafaundtoba1^3x 
10»flwjmapsiiaaM v avaragastesU1 iimeadeta*. 
mlnadwthapartic taaiM lyAaitMaatersbwbom^ 
vamK Tha dapsrslon waa tfuted 100 x, Lau to glva 
•bout 1 J a 10* mtoraaphoraaM and meaoured far 
achogonMy. Tha ampBbda of tha aeho signal waa 5 
timaa greater at7.S Mfethan at 248 MHx. Thoooslg. 
ftsla wars reproduces far a long parted of frne. 

Eehogartoty mooawamanta wars parfarmad 
wto a p i is o ae h o system consisting of a ptsadgtas 
specimen holdsr (diamster 30 mm) with a 20 pm thick 
Mytaraoou8dewMow t a*anadijQ* 
hi a oo natent temparalura water bath, a pUssr* 
mosivsr (Accufon M3010J3) wth sn external pro- 
smplflsr w«h a tbead gain of 40 dB and sn kitemd 
sn«J^ wtti gato a^uatebla ftom -40 to «40 dB snd 
fnterehangaatala 13 mm unfacussd trsnsducsrs. A 10 
MHi low-paaa titer waa inaarted in tha raoaMig part 
to improva tha slgnsJ to notea rada Tha AA) board to 
tha ISM PC waa a Oonotefc STR 832. Msaaursnwnte 
wara canted out at 2A 3A 9 and 7 J MM. 

^(aaaRdlSd^ 9!!^^^^^^.^ 
S 31U2Q. stete fevoratXa raaidte wara 
nbtabiad. Also to a sMsr oonte^ poryaicylcywio* 
8crylatea and pardcutetty a 9ft10 oop dy msj p ul y (PU 
I s rlld s c og liui l M s) govs sattefactary rasUte, Rnafly, 
a prsfanad polymor to a pdytOUacdda) bom tha 
Company BoahrtogaMngalhaim sold undar thanania 
■Raaomar R^OOIor Raaomsr R-207. 

Eaamola S 

Tw^dtetanaional schocsrdiography waa parlor* 
mad using an Aouaon-123 apparalua wih tha prapa- 
rattan of Exampis 4 (1^3x 10^rt) In an axpartowM 
dog Mbwlng pariprml vato injacdon of tX1-2 ni of 
tha tfh pa rs to fu Alter norma8yaxpactedoontr aat snh» 
anesmsnt knaglng of 81a right haait Intenaa Md par* 
steterft signsi anhanoamant of 81a lafthaartwtti dsar 
oudtoing of tha andooarAan waa obaaMd. tharaby 
oonftmlng thattha mtarabaloona mada wtti po(^PO- 
MGO (or at Isast a algnneant part of thorn) warn sbte 
to oraaa tha pulmonary oaplary oboiadon and to 
rsmaln In tha blao^atnsam far a ttrna suffldard to par* 

5^*i?*tfft ishnyianhlp ansrjala 

anosmantoftha Ooppiar signal from systemic srlsriaa 
and 81a portsl vabi was obaaivad bi tha rabWtand to 
tha mt Mtowlng partpharal vabi lr#cdonof OMnd 

etoaad In Cxampta 4 but using por|<Ot4acttescid)aa 
tha pflfymar phaaa. Tha oompoalfan uaad oontelnad 
1J«10» nMii»rt. 

Anottw ownpMMofl pwpt w d liM sooonflno to 
(to *«dm of Exampto 4 was aehtowad uttog p»> 
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MtfftMyKlutHw*). TWa oompoatfen (04 mJ) at 
diutfon of £4 x 10* cmaraoaAoonaM waa Injaotod to 
tha portd vato el rate and gm pordatant oontaat 
aahnaoamanft of tha Aw paranchyma. 

Anvxaodfeonauapondon (1.1 x 10»vaokloaM) 
"••P"*"* aa dWoMd In Exampto 1 (rwdn - 
pdyatyionaX Ono ml of this auapanaion was dfcdad to 

wah 100* of 300 mM mamtd adudon and 7 frt of 

— — I*-- - — — - ■* ■ « - - j ■ - ... — 
roravoo^aauuDn waaaamtfwjatfwjnngaaBicaiy 

toaiabor^n«.ThatnM««a«xan4nadwth« 

Aouaon-128 apparatoa far 2-dknanatand achog mp hy 

Imaging of thadTnaadva tract which daarty a howad 1$ 

tha aingla loopa of tha ami kitoattoa and of tha odon. 



baat putoatfona In tha blood-abaom. 

i. Tha m l rm bal uuMa of datoi a, in which tha 
polymarof tha mamorana ia a Mnrtagailabla 
pd y m ar aala rt ail ft iwi pd» aa mH aridaa. pofran* 
no^dda. pdytaotfdoa and pd ytfy nn l i aa and 
thatoopdymara, oopotymara of lacfldaa and too- 
pi*^wa^ pdHorthojaatora. 

tfmmm* pa tym t rfijridm and^SSST 
cyanoacryiataa)* 

7. Thamiarebdtoofiaefdolm^towhlcnttian^ 
brana pdymar la aalactad tan pofyolutomje or 
pdyaapartc add darivatfvaa and todr oopdym- 
aniwRhotftaramino-acJda. 



Clalma 

an 

1* Mtaocapadaa or mtorofaa B oo n a of mksronJo of 
autonJcronla ate boundod by a pofymar manv 
brana M win air or a gaa auftatta, whan In tha 
torn of outpamtonajn a liquid cantor, to bo 
admWatorad to hunan or antowJ padanto far aa 

purpoao of uttaaaonto achogr ap hy Imaging, 
charadartead to tftat tha pofymar of tha manv 
brana la a dafarmada and raiBint fcitarfacbJy 
rtajm a fl a J pdymar. jo 

2. Air organ Hod mtorao d to on a boundad by an 




aquaooa cantor loutoa ampanalana to bo tofcao aa 

ondhr.ractaiyandwattvaly # orlnM^^^ 
tngonjaritomatothorapauioordtognoadepuw 
poaaa, ohoradartead I to ba tog non woia aoantdy 
ond Inatanfly dtoporatdo by adbifadng wlh aald 
Uqddcajitob m 

X Tha ndnjobdtouw of datota 1 or a having oka 
rcoafyto fm OS- 10 poimn«aauftnbto ferlnjao» . 
don tototebtoodtfcoamof Mng botoga, dianao* 
torte ad to ta t tha mambnna pdymar to <a 

Ttmti rrr nnnt ai n a pnraa pannaahto to Mn a rfh a 
ftMditorfcinpaoatogtharatoofbtodagradaitoa 

4L Tha mtowM l B iM to of dotot a. to which ftp aa 
pdymar mamorana nan o poreoty ranging front o 
•too nanomotore to aavani hundoda or 
thouoanda of nanomotora, proferaafy 0 0*3000 



% TTtttrtoobaDOor«ofctotoia,towhlchtamonv 
brana to otoaOa. haa a thfctaaaa of 90*00 nm> 
and raatoto praaaura varfatfona producad by haait 



Tha ntemoaOoona of claim 7, In which tha pdy?- 
lutamte and potyaaparde add dortvadvaa am 
adactod tan aaton and amidaa Invdvlng tha 
carboxytotod dda taction tharaof , said atoa Amo» 
tiona having fbmutoa 

•(CH,)^OOCWCOOR (1), 

or 

KCHskCOORWLO-COR (OJb 

or 

^CH,X^O(NHO€CCOUNHCH(COOHV 
(CH^COOH (Kfc 
to which R la an dkyl or aryl aubatftoant; W ond 
IVara H or lowar afcyto, or R and IT ara oonno> 
tod togdhar by o aubadtutod or unaubadtutod 
linking mombar to tomt a ^ or O^nambarad rtngs 
n la 1 or 2; p to 1. 2 or 3;m ■ an totogartan 1 to 
3 and X to a dda chain of an amJnoodd radduo. 

0» Tha mto i oba B ou n a of dotoi In which tha manv 
mana pan/mar oannna aooaivaa v oonra tna 
oapva o> iiaiiiiiy t ana tna asa ano oanaay or 
tha poraa tor pannaabSty oontrdL 



10L Tha mlcroboloona of datoi 0, to which add addW 




11. Tha inlcfoboloona of dotoi 10. to which thaplaa* 

monoaojonna ano ow ana » oonra naaoo«ay« ua 

phoaphoft^ida flka ttia tocMhtoa to oonbd po^ 
- moafiliy by tooraadng poroady and tha 
nyorapnooio oompounoa aiowoa raon noww 
wdght hy d m ca rton Ika tha p ai ami iwaioa to 
mduoa poroaty. 

1i Thamtarebdtoonaof ddrtiatowtildifhaaddV 
dvaa toduda pdymom of tow motoodar wdght 
a^tothan^<)f1000to15^tocnnrtaoft. 
noaa and raaOancy of tha idcrabaloon manv 
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dkaohred fei nil hydrophobic phm, so that 
•tap* (2) and (3) cm ba omttad and tha poiymar 
llThamlcrebaaoansaf daim 1Z h which thalow mmbm wltem by intarmdal predpfefion 

molaaiar wight poiymar aottbvaa aw a d e rf e d during atop (4). 

poMaefldML DoMyeoOdML odvalcriana s 

pafrtfrtano gtyoef and polyp- 1*. Tho mtfhod of oWm 17, ehanctwtnd hi that 

repytono glycol, and potyoto Ifco potypjycwoL owopowfon of mm hydrophobi c phno h o»p (4) 

Is paribimad at a tamparojtuia whare tha patdaf 
14Thafntareba8oansorctakm1ort vapour praaaure of said hydnophobie phaaa to of 

to about 1000 pm sutatta tor oral, rectal and fa thaaamaoidaraa that ofwatar vapour, 
urethral appflraHona* charectartzsd In tftst ths 

i poiymar Is not b todag redah i a In tha 20. Tha mated of dalm 17, In which said avapor» 

tract and tonparvtoua to biological afen of stop (4) Is csfriod out undar frasza-ctyng 



19 

mtorobafioons of daJm 14, In which tha 21. Thsrn-tfwdcf claims In wtik* to 
poiymar la sstsctsd from potyolsftna. potyoay- sffactad at tanrtpars&m 

uutyauywnnsa, nofHiyuratyzaora poiyss* 



22. Tha msthod of claims 17 or 10. In which tha 

» hydraphobfcphassissdsctodfTO^ 

10L Aquaoua auspanaion of tha miorobaOoona pounds having a vapour pressure of about 1 Tor 

i to claims 1 or 2 far a dndn ls a ad on to at a tsmpsratare comprisad In tha IntoivsJ of 

in oontoMng a oonoan- about -40*C to 0"& 
i of about 10» to 1 0* mtoffobaOoonsM, this 

bataoatobtoferapariodagnaadtogamonttt n 2X Tha msthod of dahna 17 or 18, In which tha 



17, A mamod tor matt* air or gaa «sd mlcrebol- 1 to 20% by waight oT stabitea compitslng 

loonauaattoaaauspansionainacantoQquidlor hydropMlo compound aoiactad from augara, 

Hons toto IMng afgaiusma, this msthod compris- jo atouminandthaBca. 
ingthastopsot 

(1) amutaaying a hydrophobic organic phaaa 24 Tha msthod oTdaim 18, In which addttvas to con- 
mto a wator phaaa so as to obtain dropiato of tret tha dagrsa cf pannaablKy of tha mlorebaV* 
sato hy^oph^ as an oMHsaisr loona msmbrana are addad to fts hydrophobic 
amutsion In said wotarphaasc js phaaa, tha rata of btodau j adabity of tha poiymar 

(2) ad^ toaatoamutoioo a aohjttonof at after hfacdng tha mioob*^too«rtot)vingo^aiv. 
laaat ana potymar In a votasto aolvant fctaok> ismobsingafuncttonofsaiddsgresof psfmaabW 
btotofltowaaarphaaa^aothatalayarofaM tty. 



(3) aaapore^ sato votafla aolvant so that « 28. Tha method of daim2< In which (ha said i 
tha pefcatar «■ dapooi by Marfeotaf precipe 

Iropiata which than fern aftdNgfrmotscuiarwsW 
sore st son nympnoov pnsss aanoa or wracn n via mamorans potymar or mo 

I by a mambrena of aaid potymaiv 
Itoauapanalonlni 




ML Tha nwtfttd of cfwn 24, in wMch Vm oiM 



crlowmolacUarw^jhtpatymara, 
of which In ttw nwnbnno potymar 

to 



27. Thomoftodofdote1t.lnwWchlhohydwphofelo 

I ailbJOCBKl IB * mi ^'j2'j'*^]^'?'^J^J 

wMoh. upon bomg dktod Into «M wtor plan 
1&7bonMMofoHrim17.lnwMefia^dpolynMrlo (fcj^«niaMcaoM«Hioidlnnducln8ttwtiz» 

It 
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^ ^^S^I^-nSJ^?* 0 * lrrt * rtSMl1 " 1 P*«oi»p«Kaort oT 31. An Injaotobla aquaoua auapanalon of i 

tfw poiymar bate* tap (4) to eantt oU. toonaoontoMng 10M0« vaaUaaM boundad by 

" 1 ^ TrrtliTi— ^ prirtjilatoiJ 01 Itu 

' or gaa Mad mta** tfdopotymird^ln^byttMeQRvnoraWnmoor 

onalnaeanlarilquldfcr a ^ w 
or* motol and urotfvat apptalona, or far k*a» 
tens Into Mng orQanfcma, Mi mated < 



(1) onuteiytng a hydrophobic Ofganie i 
tntoa««torpf«aaaoaatoobtolndroplatoor it 



(2)attt»dlnpaaidaimiatontoroduoadpiaaa if 
ur» undar oondMona such that aaid 
uyuiupmoB pnaaa oa fwnovaa oy avapo*> 
ymr dlnolvad In tfia 
; IntaHkcWy and fonn a 
polytnar boundtop inantbranat tha 



In 

ao ft* In atop (2)1 



and, upon a^poratoy la i 
r ppfc wtiaroby tfia nricrabalo 
•ra bi Ajft faainj and i 

JO 



"at wNdit upon babiQ dfcitod Into 



out 
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